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REMARKS 

I. Status of the claims 

Claims 1 13-165 are pending, with claims 1-32, 97, 98, and 99-1 12 having 
been canceled and claims 1 13-165 being added by the present amendment. Claims 15-17 
were allowed and claims 2, 8, 21, 26, 101, and 106 were objected to as depending from a 
rejected claim. Claims 33-96 have been withdrawn from consideration as drawn to non- 
elected embodiments. 

II. The Amendments Herein 

No new matter has been added by the new claims. 

New claim 1 13 is directed to antibodies having complementarity- 
determining regions ("CDRs") as set forth in Figure 1. CDRs are discussed throughout 
the specification, including page 9, lines 3-14. Antibodies having the sequence of the 
CDRs in Figure 1 are supported throughout the specification, including Figure 1 and SEQ 
ID N0:5. These same sections also support claims 1 14 to antibodies having framework 
regions as set forth in Figure 1. Claim 1 15 is to an scFv antibody having CDRs as shown 
in Figure 1. This claim is supported throughout the specification, including claim 17 as 
originally presented and by page 17, lines 27-29 (although this passage states that the 
CDRs have the "nucleic acid sequence as shown in Figure 1," since the CDRs are part of 
a polypeptide, persons of skill would recognize that this passage refers to amino acids 
encoded by the nucleic acid sequence shown in Figure 1 or, what is the same thing, to the 
amino acid sequences shown for the various CDRs set forth in Figure 1). New claim 116 
refers to an scFv having Vh and Vl chains joined by a peptide linker. This claim is 
supported throughout the specification, including claim 4 as originally presented and 
page 6, lines 9-12. New claim 117 refers to an scFv with a peptide linker as shovm in 
Figure 1 . This is supported throughout the specification, including the portions just cited. 
New claim 118 refers to an scFv having the sequence set forth in Figure 1, and is 
supported by, e.g., Figure 1. 
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New claim 1 19 refers to an antibody of claim 1 13 wherein the antibody is 
a dsFv. The claim is supported throughout the specification, including claim 5 as 
originally presented. New claim 120 is drawn to an antibody of claim 119 having Vh and 
Vl chains comprising framework regions as set forth in Figure 1, and is supported by, 
among other things. Figure 1 . 

New claim 121 is drawn to an antibody having Vh and Vl chains as 
encoded by SEQ ID N0:1 and is supported throughout the specification, including claims 
6 and 7 as originally presented. New claim 122 is drawn to an antibody having a 
sequence as set forth in SEQTD N0:5, and is supported by, among other things, SEQ ID 
N0:5. New claim 122 is drawn to an antibody having the sequence set forth in SEQ ID 
N0:5. The claim is supported throughout the specification, including the sequence listing 
referenced. 

Claims 123, 124, and 125 are drawn to an antibody with the CDRs set 
forth in Figure 1, an scFv with those CDRs, and a dsFv with those CDRs, respectively. 
These claims are supported throughout the specification, including claim 9 as originally 
presented and page 32, lines 5-20. 

Claims 126, 127, and 128 recite an antibody attached or fused to a 
therapeutic agent, an scFv attached or fused to a therapeutic agent, and a dsFv attached to 
a therapeutic agent, respectively. Support for these claims is found throughout the 
specification, including claims 10 and 20 as originally presented and page 31, line 20, to 
page 32, line 3. Support for an antibody "attached" to the therapeutic agent (i.e., through 
a chemical linkage) is found throughout the specification, including page 32, line 21, to 
page 33, line 25. Support for "fusing" an antibody to a therapeutic agent (i.e., through 
recombinant expression) is likewise found throughout the specification, including page 
43, lines 4-28. 

Claims 129, 130, and 131 recite an antibody connected to a toxin, an scFv 
connected to a toxin, and a dsFv connected to a toxin, respectively. Support for these 
claims is found throughout the specification, including claims 1 1 and 28 and page 28, line 
15 to page 31, line 5. Claims 132, 133, and 134 specify that the toxin is a Pseudomonas 



PASTAN and CHOWDHURY PATENT 
Application No.: 09/581,345 
Page 1 1 

exotoxin or a cytotoxic fragment or mutant thereof. Support for these claims is found 
throughout the specification, including claims 1 1 and 28 and page 28, line 15, to page 31, 
line 5. 

Claim 135 recites an antibody which has a variable heavy chain with 
CDRs as set forth in Figure 1 . The claim is supported throughout the specification, 
including claims 6 and 7 as originally presented (an antibody wherein the variable heavy 
region is encoded by SEQ ID N0:1 has CDRs as set forth in Figure 1). Claim 136 recites 
an antibody of claim 135 having a Vh chain as set forth in Figure 1 and is supported 
throughout the specification, including claim 13 as originally presented. Claim 137 
recites that the antibody of claim 135 is attached or fused to a therapeutic agent or 
detectable label. This claim is supported throughout the specification, including claim 24 
as originally presented. Claims 138 and 139 recite that the therapeutic agent can be a 
toxin, and in particular, a, Pseudomonas exotoxin. These claims are supported throughout 
the specification, including claims 28 and 29 as originally presented. 

Claim 140 recites an antibody which has a variable light chain with CDRs 
as set forth in Figure 1 . The claim is supported throughout the specification, including 
claims 6 and 7 as originally presented (an antibody wherein the variable heavy region is 
encoded by SEQ ID N0:1 has CDRs as set forth in Figure 1). Claim 141 recites an 
antibody of claim 140 having a Vl chain as set forth in Figure 1 and is supported 
throughout the specification, including claim 14 as originally presented. Claim 142 
recites that the antibody of claim 140 is attached or fused to a therapeutic agent or 
detectable label. This claim is supported throughout the specification, including claim 25 
as originally presented. Claims 143 and 144 recite that the therapeutic agent can be a 
toxin, and in particular, a Pseudomonas exotoxin. These claims are supported throughout 
the specification, including claims 28 and 29 as originally presented. 

Claim 145 recites a composition comprising a pharmaceutically acceptable 
carrier and a immunoconjugate which comprises a therapeutic agent or detectable label 
attached or fused to an anti-mesothelin antibody which has CDRs as set forth in Figure 1 . 
Claim 146 recites such a composition in which the Vh and Vl have framework regions as 
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set forth in Figure 1 . Claim 147 recites a composition of claim 145 wherein the antibody 
is an scFv. Claim 148 recites a composition wherein the scFv has Vh and Vl chains 
joined by a peptide linker. Claim 149 recites that the peptide linker has a sequence as 
shown in Figure 1 . Claim 1 50 recites that the scFv has a sequence as shown in Figure 1 . 
Claim 151 recites a composition where the antibody is a dsFv. Support for these claims 
is found throughout the specification, including page 33, line 26 to page 36, line 13, page 
17, lines 11-12, and claim 97 as originally presented. Claim 152 recites a composition in 
which the therapeutic agent is a toxin. Support for this claim is found throughout the 
specification, including page 28, line 15 to page 30, line 9. Claim 153, recites that the 
toxin is a Pseudomonas exotoxin or a cytotoxic fragment or mutant thereof Support for 
this claim is found throughout the specification, including claims 1 1 and 28 and page 28, 
line 15, to page 31, line 5. 

Claim 154 recites a composition comprising a pharmaceutically acceptable 
carrier and a immunoconjugate which comprises a therapeutic agent or detectable label 
attached or fiised to an anti-mesothelin antibody which antibody has a variable heavy 
(Vh) chain which has CDRs as set forth in Figure 1 . This claim is supported throughout 
the specification, including page 33, line 28 (which indicates any of the antibodies 
discussed in the specification may be used in conjunction with pharmaceutical carriers) to 
page 34, line 15). Claim 155 recites such a composition in which the Vh chain is as set 
forth in Figure 1. Support for this claim is as discussed for claim 154. Claim 156 recites 
a composition in which the therapeutic agent is a toxin. Support for this claim is found 
throughout the specification, including page 28, line 15 to page 30, line 9. Claim 157, 
recites that the toxin is a Pseudomonas exotoxin or a cytotoxic fragment or mutant 
thereof. Support for this claim is found throughout the specification, including claims 1 1 
and 28 and page 28, line 15, to page 31, line 5. 

Claim 158 recites a composition comprising a pharmaceutically acceptable 
carrier and a immunoconjugate which comprises a therapeutic agent or detectable label 
attached or fiised to an anti-mesothelin antibody which antibody has a variable light (Vl) 
chain which has CDRs as set forth in Figure 1. This claim is supported throughout the 
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specification, including page 33, line 28 (which indicates any of the antibodies discussed 
in the specification may be used in conjunction with pharmaceutical carriers) to page 34, 
line 15). Claim 159 recites such a composition in which the Vl chain is as set forth in 
Figure 1. Support for this claim is as discussed for claim 158. Claim 160 recites a 
composition in which the therapeutic agent is a toxin. Support for this claim is found 
throughout the specification, including page 28, line 15 to page 30, line 9. Claim 161, 
recites that the toxin is a Pseudomonas exotoxin or a cytotoxic fragment or mutant 
thereof Support for this claim is found throughout the specification, including claims 1 1 
and 28 and page 28, line 15, to page 31, line 5. 

Claims 162-165 recite kits for detecting the presence of mesothelin on the 
surface of a cell. The kits comprise, in claim 162, an anti-mesothelin antibody 
comprising a Vh chain and a Vl chain, which chains have CDRs as set forth in Figure 1 , 
and instructions for using the antibody to detect mesothelin on a cell surface, while in 
claim 164, the antibody is an scFv and claim 165 recites that the scFv has the sequence 
set forth in SEQ ID NO: 5. These claims are supported throughout the specification, 
including claim 98 as originally presented and page 36, line 15 to page 37, line 17. 

III. The Office Action 

The Action imposes several objections to the specification and rejections 
of the claims. For the Examiner's convenience, these are discussed below in the order 
presented inthe Action. 

A. Objections to the Specification 

1 . The Action requires updating of the first line of the application to claim 
benefit of priority from the parent provisional application. The specification has been 
amended to reference both the provisional application and the PCT application from 
which priority is claimed. 
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2. The Action requires updating of page 8 of the specification to indicate 
that certain referenced applications have issued as patents. The requested updating has 
been made. 

B. Rejections of the Claims 

The claims are rejected on a number of grounds. They are discussed 
individually below. 

1. Rejections Under 35 U.S.C. § 112, 2nd paragraph 

Claims 18, 19, 32, 98, 108, and 109-112 are rejected under 35 U.S.C. § 
112, 2nd paragraph as allegedly failing to particularly point out the subject matter 
regarded to be the invention. 

Without necessarily agreeing with the rejection, to expedite prosecution, 
claims 1-32, 97 and 98, and 99-1 12 have been canceled and claims 1 13-165 introduced. 
In view of the allowance of claim 15, which was drawn to an anti-mesothelin antibody 
wherein the CDRs are as shown in SEQ ID N0:5, the new claims, which are drawn to 
antibodies with CDRs as shown in Figure 1, are believed to be free of each of the grounds 
of rejection under § 1 12. Reconsideration and withdrawal of the rejection in Hght of the 
new claims is respectfully requested. 

2. Rejections Under 35 U.S.C. § 112, 1st paragraph 

(i) Rejection of claims to percentage sequence similarities 

The Action rejects claims 99-100 and 109-1 10 under 35 U.S.C. § 112, 1st 
paragraph as containing subject matter not in the possession of the inventors at the time 
the invention was filed. According to the Action, the rejected claims recite antibodies 
wherein the CDRs have 80% or 90% or greater sequence similarity to CDRs of SEQ ID 
N0:5. The Action alleges that support for the indicated percentages of sequence identity 
are not found in the specification at the place cited. Action, at page 4, paragraph 8. 
Applicants amend in part and traverse in part. 



PASTAN and CHOWDHURY PATENT 
Application No.: 09/581,345 
Page 15 

For the sake of good order, Applicants note that the stated percent 
sequence similarities are in fact supported by the specification. Page 18, lines 2-5, reads: 
"Conservatively modified variants of the prototype sequence of SEQ ID N0:1 have at 
least 80% sequence similarity, more preferably at least 90% sequence similarity, and 
most preferably at least 95% sequence similarity at the amino acid level to its prototype 
sequence ." (Emphasis added). Thus, while the text refers to SEQ ID N0:1, which is a 
nucleotide sequence, the percent identity is measured against percent identity of the 
amino acid sequence , which the Examiner will recognize is set forth as SEQ ID N0:5. 
Accordingly, the percent sequence similarities claimed are fully supported by the 
specification. 

Although the sequence similarities are therefore fully supported and 
therefore do not have to be amended for reasons related to patentability, to expedite 
prosecution, the claims have been canceled and new claims added which recite antibodies 
with CDRs having the sequences of the CDRs as set forth in Figure 1. Applicants note 
that the new claims refer to the CDRs as set forth in Figure 1 and to the framework 
regions (FRs) as set forth in Figure 1 because those portions of the antibody chains are 
specifically identified in the Figure, while the sequence set forth SEQ ID NO: 5 contains 
the CDRs and FRs, but requires the reader to determine which amino acid residues are 
within the CDRs and which are within the FRs. 

(ii) Rejection as not enabled for antibody with one variable chain of 

the invention 

The Action rejects claims 6-7, 13-14, 24-25, 99-100, 104-105, and 109- 
100 under 35 U.S.C. § 112, 1st paragraph as allegedly not enabled for an anti-mesothelin 
antibody having a VH encoded by SEQ ED N0:1 with "just any VL" or a VL encoded by 
SEQ ID N0:1 and just any VH, or with an antibody that has 80% or 90% sequence 
identity in the CDRs of SEQ ID NO: 5. The Action cites two references which it asserts 
teach that any substitution of residues in an antibody CDR is unpredictable in effect. 
Action, bottom of page 6 to top of page 7. The Action concedes that the specification is 
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enabling for an anti-mesothelin antibody having the VH and VL of SEQ ID N0:5. 
Action, at page 4-page 5, bridging paragraph. According to the Action, the amino acid 
conformations of both chains are critical in maintaining antigen-binding specificity and 
affinity characteristic of the parent immunoglobulin, and "it is expected that all of the 
light and heavy chain CDRs in their proper order ... is required in order to form 
functional antigen binding sites. Action at page 6. Applicants amend in part and traverse 
in part. 

As noted in the preceding section, the claims referring to sequences with 
80% or 90% sequence identity have been canceled. Thus, to the extent the rejections 
under § 1 12, first paragraph rest on the argument that the specification does not enable 
antibodies with 80% or 90% sequence identity, those arguments are no longer relevant to 
the claims as now presented. 

With respect to antibodies that have a VH or a VL of SEQ ID N0:5, but 
not both chains, the Action argues that the specification does not enable such antibodies 
because "it is well established in the art that the formation of an intact antigen-binding 
site generally requires the association of the complete heavy and light chain variable 
chain regions of a given antibody, each of which consists of three CDRs which provides 
the majority of contact residues for the binding of the antibody to its target epitope. The 
amino acid sequences and conformations of each of the heavy and light chain CDRs are 
critical in maintaining the antigen binding specificity and affinity which is characteristic 
of the parent immunoglobulin." Action, at page 6. Applicants respectfully point out that 
this argument is completely unsupported and is based on what is allegedly well known in 
the art. Applicants respectfully point out that the Action's argument is contrary to what 
was known in the art as of the priority date of the present invention. 

Almost two years before the priority date of the present invention, one of 
the co-inventors of the present specification demonstrated that a single chain of an 
antibody could successfully direct a cytotoxin to a target cell, and result in binding to and 
death of, the target cell. The report of the studies was published in one of the best known 
and most prestigious scientific journals, the Proceedings of the National Academy of 
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Science. See, Kuan and Pastan, 93:974-978 (1996) (hereafter, "Kuan and Pastan," for the 
Examiner's convenience, a copy of the Kuan and Pastan PNAS publication is attached). 
The Examiner's attention is respectfully directed to the bottom panel of Figure 1 of Kuan 
and Pastan, which diagrams the structure of the B1(Vh)-PE33 immunotoxin, which has 
just the heavy chain of the Bl antibody as the targeting agent. As shown in Table 1 (page 
976, right column), cells which expressed the target antigen were killed by B1(Vh)-PE33 
at IC50S of only 2 and 4 ng/ml, while B1(Vh)-PE33 was not cytotoxic to cells negative for 
the target antigen at over 1000 ng/ml, or concentrations at least 250 times higher. 

It is true that the binding affinity and cytotoxicity of the immunotoxin 
targeted by the single chain was considerably less than that of a like immunotoxin 
directed by both the VH and VL chains of the parental antibody. It is also true, however, 
that the construct targeted by just one chain successfiilly bound to and killed target cells, 
and that the claims as now presented do not require that the claimed antibodies have the 
binding affinity of the parental antibody. Kuan and Pastan informed the art, almost two 
years before the priority date of the present appUcation, that a VH or VL chain of an 
antibody, by itself, could successfully target immunoconjugates to target cells. On the 
basis of Kuan and Pastan, persons of skill in the art were fully enabled to make the 
claimed antibodies and immunoconjugates without undue experimentation. 

For extra measure, Applicants note that the results reported in Kuan and 
Pastan also resulted in the issuance of U.S. Patent 5,980,895, which states the PCT 
version was published April 17, 1997 (a copy of the '895 patent is enclosed for the 
Examiner's convenience). Claim 19 of the patent claims a single chain immunotoxin 
targeted by either a VH chain without the presence of a VL chain, or a VL chain without 
the presence of a VH chain. Thus, the Patent and Trademark Office has already officially 
recognized that either chain of an antibody can be used as the targeting portion of an 
immunoconj ugate. 

In brief, the rejection is based on the unsupported assertion that both 
chains of an antibody are needed to make a intact antigen-binding site. The Kuan and 
Pastan reference establishes that, well prior to the priority date, persons of skill in the art 
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were informed that a single chain of an antibody could successfully serve as the targeting 
portion of an immunoconjugate and result not only in antigen-specific binding and 
cytotoxicity. This position has moreover, been officially recognized as enabled by the 
Patent and Trademark Office in the '895 patent. Applicants respectfully submit that the 
rejection cannot be maintained in the face of Kuan and Pastan and the *895 patent. 
Reconsideration and withdrav^al of the rejection are respectfully requested. 



3. Rejections under 35 USC § 102 (a) and (b) 

Claims 1, 3, 4, 10-12, 18, 20, 27-29, and 32 are rejected under 35 USC § 
102(a) as anticipated by Chowdhury et al., Mol Immunol 34:9-20 (1997) ("Chowdhury 
A"), "as evidenced by" Chowdhury et al. J Mol Biol 281:917-928 (1998) ("Chowdhury 
B"). The Action notes that the broader claims are directed to anti-mesothelin antibodies 
with an affinity of at least 3x10"^ M, and asserts that Chowdhury A teaches the amino 
acid sequence of anti-mesothelin antibody Kl while Chowdhury B teaches that Kl has an 
affinity of 22 nM, presumably meeting the 3 x 10-8 M requirement. Action, at page 8. 

Claims 1, 3, 4, 9, 10, 18, 20, and 27 are rejected under § 102 (a) as 
anticipated by Brinkmann et al., Int J Cancer 71:638-644 (May 1997). According to the 
Action, Brinkmann et al. teaches an Fab that binds mesothelin at 8 nM and argues it 
would be inherent that the scFv which comprises a VL and a VH identical to the Fab 
would bind with the affinity of the Fab. Action, at page 9. 

Claims 1, 3-5, 9-12, 18-20, 22, 23, 27-32, 97, 102, 103, and 107 are 
rejected under § 102 (a) as anticipated by Pastan, WO 97/25068, "as evidenced by" 
Chowdhury B. This WO publication is the PCT application describing the cloning of full 
length mesothelin. Once again, the rejection is on the basis that the Kl antibody binds 
mesothelin with an affinity of less than 3 x 10'^ M, as evidenced by Chowdhury B. 
Action, at page 10. 

Claims 1, 9-12, 18, 20, 27-29, 32, 97, and 107 are rejected under 35 USC 
§ 102(b) as anticipated by Willingham et al., U.S. Patent 5,320,956, "as evidenced by" 
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Chowdhury B. The Action contends that the '956 patent teaches the Kl antibody, which 
Chowdhury B indicates has the requisite affinity. Action, at page 1 1 . 

Without necessarily agreeing with the Action, the new claims are drawn to 
antibodies having CDRs as shown in Figure 1. The Action does not allege that antibody 
Kl has CDRs meeting the recitation of the claims as now presented. In view of the 
allowance of claim 15, which was drawn to an anti-mesothelin antibody wherein the 
CDRs are as shown in SEQ ID N0:5, the new claims, which are drawn to antibodies with 
CDRs as shown in Figure 1, should likewise be in condition for allowance. The new 
claims are therefore considered to be free of the rejections under § 102 (a) and (b). 

4. Rejections under 35 USC § 103 (a) 

Claims 1, 3-5, 9-12, 18-20, 22, 23, 27-32, 97, 98, 102, 103, and 107 are 
rejected under 35 U.S.C. § 103(a) as obvious over Chowdhury A in view of Chowdhury 
B. The Action rests on the characterization of the references as set forth in the 
anticipation rejection. Action, at pages 13-17. 

Claims 1, 3-5, 9-12, 18-20, 22, 23, 27-32, 97, 102, 103, and 107 have been 
rejected under § 103(a) as obvious over Brinkmann et al., supra, in view of Pastan, U.S. 
Patent No. 5,747,654. The Action argues that Brinkmann et al. does not teach a dsFv, 
PE38 immunotoxin or pharmaceutical compositions, but that these deficiencies are made 
up by the '654 patent. Action, at pages 17-21. 

Claims 1, 3-5, 9-12, 18-20, 22, 23, 27-32, 97, 98, 102, 103, and 107 are 
rejected under § 103(a) as obvious over WO 97/25068 in view of Chowdhury B. Action, 
at pages 21-24. 

Claims 1, 3-5, 9-12, 18-20, 22, 23, 27-32, 97, 102, 103, and 107 are 
rejected under § 103(a) as obvious over the combination of the Willingham '956 patent in 
view of Chowdhury B. Action, at pages 25-29. 

Without necessarily agreeing with the Action, the new claims have been 
drawn to antibodies having CDRs as shown in Figure 1. The Action does not allege that 
antibody Kl has CDRs meeting the recitation of the claims as now presented. In view of 
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the allowance of claim 15, which was drawn to an anti-mesothelin antibody wherein the 
CDRs are as shown in SEQ ID N0:5, the new claims, which are drawn to antibodies with 
CDRs as shown in Figure 1, should likewise be allowable. 



In view of the foregoing, Applicants believe all claims now pending in this 



Application are in condition for allowance. The issuance of a formal Notice of 
Allowance at an early date is respectfully requested. 



If the Examiner believes a telephone conference would expedite 



prosecution of this application, please telephone the undersigned at 415-576-0200. 



TOWNSEND and TOWNSEND and CREW LLP 

Two Embarcadero Center, 8^^ Floor 

San Francisco, CaHfomia 941 1 1-3834 

Tel: (415) 576-0200 

Fax: (415) 576-0300 

LJH:pja 

Attachments: Kuan and Pastan PNAS publication 
U.S. Patent 5,980,895 



CONCLUSION 




Respectfully submitted. 
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abstract Bl(dsFv).PE33 is a recombinant immuno- 
toxin composed of a mutant form of Pseudomonas exotoxin 
(PE) that does not need proteolytic activation and a disulfide- 
stabilized Fv fragment of the anti-Lewis^ monoclonal antibody 
Bl, which recognizes a carbohydrate epitope on human car- 
cinoma cells. In this molecule, amino acids 1-279 of PE are 
deleted and domain lb (amino acids 365-394) is replaced by 
the heavy chain variable region (Vh) domain of monoclonal 
antibody BL The light chain (VJ domain is connected to the 
Vh domain by a disulfide bond. This recombinant toxin, 
termed Bl(dsFv).PE33, does not require proteolytic activation 
and it is smaller than other immunotoxins directed at Lewis^ 
all of which require proteolytic activation. Furthermore, it is 
more cytotoxic to antigen-positive cell lines. Bl(dsFv)-PE38 
has the highest antitumor activity of anti-Lewis' immunotox- 
ins previously constructed. Bl(dsFv)-PE33 caused complete 
regression of tumors when given at 12 ftg/kg (200 pmol/kg) 
every other day for three doses, whereas Bl(dsFv)-PE38 did 
not cause regressions at 13 ftg/^g (200 pmol/kg). By bypass- 
ing the need for proteolytic activation and decreasing molec- 
ular size we have enlarged the therapeutic window for the 
treatment of human cancers growing in mice, so that complete 
remissions are observed at 2.5% of the LD50. 

Recombinant Fv-immunotoxins are chimeric proteins in which 
a truncated toxin is fused to an Fv fragment of an antibody. 
The Fv region targets antigens on tumor cells and the toxin 
moiety kills the cell. Fv-immunotoxins have very good cyto- 
toxic activity on human tumor cell lines and can cause com- 
plete regression of established human tumor xenografts in 
mice (1-3). Several Fv-immunotoxins are currently being 
evaluated in clinical or preclinical trials (4). Originally, the Fv 
fragments of the recombinant toxins were designed in a 
single-chain form (scFv-immunotoxins), in which the heavy 
and light chain variable region (Vh and Vl) domains are 
connected by a flexible peptide linker (5, 6). Subsequently a 
method was developed to stabilize the Fv fragments by an 
interchain disulfide bond that connects structurally conserved 
franfework regions of the Vh and Vl domains (refs. 7-9 and 
reviewed by Reiter and Pastan in ref. 10). Such disulfide- 
slabilized dsFv-immunotoxins are much more stable than 
scFv-immunotoxins. and some have improved antigen-binding 
affinities and improved antitumor activities (11). A major 
advantage of using Fv fragments, which are the smallest 
functional modules of antibodies, in recombinant immunotox- 
ins is that these molecules are significantly smaller than 
chemical conjugates made with whole antibodies. This allows 
them to effectively penetrate into solid tumors (12, 13). 

Pseudomonas exotoxin (PE)-based recombinant immuno- 
toxins require proteolytic activation. Domain II of the toxin is 

The publication costs of this article were defrayed in part by page charge 
payment. This anicte must therefore be hereby marked ^^advertisement"* in 
accordance with 18 VS.C. (1734 solely to indicate this fact. 
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Fig. 1. Schematic of expressed proteins. Positions of amino ; 
that span PE sequences are numbered. The arrow marks the pre 
lytic site of PE for activation. S — S shows the disulfide bond iin 
between the Fv fragments. L, peptide linker; II, PE domain I 
translocation; lb, PE domain lb (function unknown); III, PE do 
III for ADP-ribosylation of EF2. 

cleaved between amino acids 279 and 280, a reaction th 
catalyzed by the enzyme furin (14. 15). This step could be 
limiting, because the furin concentration in cells is low 
some cancer cells may be furin deficient. Therefore, we 
constructed a recombinant immunotoxin that does not j 
proteolytic activation. Furin cleavage generates a 37- 
carboxyl-terminal fragment of PE, amino acids 280 
(PE37). that contains the translocating and ADP-ribosyh 
activity of PE (16, 17). If a functional Fv fragment coul 
inserted into PE37 without destroying its ADP-ribosyl: 
activity or translocating ability and the Fv still retaine 
binding affinity, then the recombinant molecule shou! 
more active than a toxin which needs to be proteplyti 
processed. 

Monoclonal antibody (mAb) Bl is a murine antibod 
reeled against Lewisy-related carbohydrate antigens, whic 
abundant on the surface of many carcinomas (18). mAb B 
been used to make both single-chain and disulfide-stabi 
Fv-immunotoxins (18-20). These agents are capable f ca 
complete regression of established xenografts in nude 
(20). To develop a recombinant immunotoxin that is smal 
stable and does not need proteolytic processing, we 
replaced domain lb (amino acids 365-394) of PE37 wit 

Abbreviations: mAb, monoclonal antibody; Vr and Vl, variable 
and light chain, respectively; scFv and dsFv. single-chain and disi 
stabilized Fv, respectively; PE, Pseudomonas exotoxin; Mcs, 
pholineethanesulfonic acid. 
•To whom reprint requests should be addressed. 
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\ ,, frairmcril of mAb Bl and linked the Vh aomain to the Vi. 
.liMiiain with a disulfide bond (Fig. I). We find that the 
resulting molecule, Bl(dsFv)-PE33, is more active than any 
previous mAb Bl-containing immunotoxin. 

MATERIALS AND METHODS 

Construction of Plasmids for Expression of Bl(dsFv)-PE33. 

• Siickv feet"-directed mutagenesis (21) using uracil-containing 
pDFI as a template was used to construct the expression 
plasmid encoding for Bl( Vh)R44C-PE33, the component of 
the intramolecularly inserted dsFv-immunotoxin. The con- 
struction of plasmids pDFl, which encodes PE37» which starts 
;ii methionine followed by PE nmino acids 281-613 {a }tut\- 
caicd form of PE that docs not lequire proteolytic activation), 
and pBIVhR44C-PE38, which encodes the single-domain 
Hl( Vh)R44C-PE38 immunotoxin, has been described (16, 20). 
The B1(Vh)R44C DNA was PCR amplified by using the 
plasmid pBl VhR44C-PE38 as a template and oligo primers 
(TII9 and 5'-phosphorylated CT120. The forward PCR 
primer CT119, 5'-GGCAACGACGAGGCCGGCGCGGCC- 
\ACGGCGGTGGCQQAICCGAGGTGCAGCTGGTGG- 
\ATCTGGA-3', had sequences that are identical to the DNA 
encoding PE residues 356-364 and a peptide linker GGGGS 
inserted at the 5' end of Vh. and a BamHl site was created 
(underlined). The reverse PCR oligonucleotide primer CT120. 
5'-GTCGCCGAGGAACTCCGCGCCAGTGGGCTC- 
nr.OACCTCCGG AAGCTTT TGC-S'. had sequences that 
arc complementary to the DNA encoding PE residues 395-403 
and an Fv-toxin junction (connector) inserted at the 3' end of 
Vn, and a HindUl site was created (underlined). The PCR 
product was purified and annealed with a uracil-containing 
single-stranded DNA prepared by the rescue of pDFl phage- 
niid with an M13K07 helper phage (Bio-Rad). The DNA was 
extended and ligated according to the Muta-Gene mutagenesis 
kit (Bio-Rad). Because the annealing efficiency of the PCR 
fragment to the single-stranded template and the mutagenesis 
efficiency were low («='10%), the DNA pool of the mutagenesis 
reaction was digested with a restriction endonuclease which 
cuts a unique site in the domain lb region but not in B1(Vh). 
This extra digestion step improved the mutagenesis efficiency 
to more than 50%. Correct clones were identified by DNA 
restriction analysis and verified by DNA sequencing. The 
resulting immunotoxin clone was named pBl( Vh)R44C-PE33 
or pCTK104. It encodes a single-domain Bl(VH)-immunotoxin 
in which the Vh domain replaces the domain lb region (amino 
acids 365-394) of PE37. The plasmid pB1VlA105CSTOP 
encodes BI(Vl)A105C, which isacomponent of dsFv-immuno- 
toxin as described previously (20). 

Production of Recombinant Immunotoxin. The components 
of the disulfide-stabilized immunotoxins Bl( Vh)R44C-PE38, 
B1(Vh)R44C-PE33, and B1(Vl)A105C or the single-chain 
immunotoxin Bl(Fv)-PE38 were produced in separate Esch- 
erichia coli BL2l(ADE3) (22) cultures harboring the corre- 
sponding expression plasmid. All recombinant proteins accu- 
mulated in inclusion bodies. Disulfide-stabilized immunotox- 
ins were obtained by mixing equimolar amounts of solubilized 
and reduced inclusion bodies essentially as described (23), 
except that the final oxidation step was omitted and refolding 
was carried out at pH 9.5. Properly folded disulfide-stabilized 
and single-chain immunotoxins were purified by sequential 
ion-exchange (Q-Sepharose and Mono Q) followed by size- 
exclusion chromatography on a TSK G3000SW (TosoHaas) 
column as described (7). 

Analysis of Immunotoxins. The cytotoxic activity of immu- 
notoxins was determined by inhibition of protein synthesis as 
described (24). For competition assays designed to prove the 
specificity of the recombinant immunotoxins, we changed the 
medium and added 50 pig of antibody per well 30 min prior to 
the addition of the immunotoxin. Thermal stability of the 
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immunotoxins was detc... lined by incubating them at 100 
^g/ml in phosphate-buffered saline (PBS; 6.7 mM sodium 
phosphate. pH 7.4/150 mM NaCI) at 3rc for 8 h, followed by 
analytical chromatography on a TSK G3000SW (TosoHaas) - 
column to separate the monomers from larger aggregates (8). 
Relative binding affinities of the immunotoxins were deter- 
mined by adding '^I-labeled Bl-lgG to lO'^ A431 cells as a 
tracer with various concentrations of the competitor. The 
binding assays were performed at 4'*C for 2 h in RPMI medium 
1640 containing 1% bovine serum albumin and 50 mM Mes 
(Sigma) as described (25). 

Toxicity and Antitumor Activity in Nude Mice. The single- 
dose mouse LD50 was determined by using female BALB/c 
mice (6-8 weeks old, '^20 g), which were given a single i.v. 
injection of different doses of Bl(dsFv)PE38 or Bl(dsFv)PE33 
diluted in 200 fil of PBS containing 0.2% human serum 
albumin (PBS-HSA). Mice were followed for 2 weeks after 
injection. Athymic (nu/nu) mice, females 6-8 weeks old. *«20 
g. were injected s.c, on day 0 with 3x10^ A43 1 cells suspended 
in RPMI medium without fetal bovine serum. By day 5, tumors 
were about 50-70 mm^ in size. Mice were treated on days 5, 7, 
and 9 by i.v. injections of different doses of immunotoxins 
diluted in PBS-HSA. Tumors were measured with a caliper and 
the tumor volumes were calculated by using the formula 
volume = length x width^ X 0.4. 

RESULTS 

Plasmid Constructions and Production of Bl(dsFv)-PE33. 
Our goal was to construct an active recombinant immunotoxin 
that was smaller than the current generation of recombinant 
immunotoxins and that did not need intracellular proteolytic 
cleavage for activation. To do this we inserted the Bl dsFv 
fragment between domains II and III by replacing domain lb 
of PE37, a truncated form of PE that contains only the portion 
of the toxin that undergoes translocation to the cytosol. As 
shown in Fig. 1, the Vh domain replaces amino acids 365-394 
of PE37 and the Vl domain is connected to the Vh domain by 
a disulfide bond engineered into the framework region, with 
cysteines introduced at position 44 of Vh and position 105 of 
Vl (7). The resulting recombinant immunotoxin, termed 
Bl(dsFv)-PE33, is 5 kDa smaller than Bl(dsFv)-PE38 or 
Bl(Fv).PE38i (Fig. I). In the toxin portion, Cys-287 was 
changed to a Ser to reduce the chance of incorrect disulfide 
bond formation (26). Bl( Vh)R44C is inserted after amino acid 
364 of PE and the insert is preceded by a small flexible peptide 
linker, GGGGS. Following the Vh domain is another peptide, 
KASGGPE, C3 connector (27). that connects the carboxyl 
terminus of Vh to amino acid 395 of PE, 

The "sticky feet"-directed mutagenesis protocol used for the 
construction of BI(Vh)R44C-PE33 is described in Materials 
and Methods. Immunotoxins were expressed in £. coH 
BL21(ADE3); cultures for expressing the components of the 
dsFv-immunotoxin were prepared separately. The immuno- 
toxins were purified by refolding of inclusion bodies in a 
redox-shuffling buffer and sequential ion-exchange and gel- 
filtration chromatography as described in Materials and Meth- 
ods, The proteins obtained were more than 95% homogeneous 
and had the expected molecular mass of 59 kDa on SDS/ 
PAGE as shown in lane 2 of Fig. 2. In the presence of the 
reducing agent 2-mercaptoethanol, the dsFv-immunotoxin, 
Bl(dsFv)-PE33. dissociated into its two components (lane 4), 
B1(Vl) and B1(Vh)-PE33. The apparent molecular masses of 
these components arc 13 kDa and 46 kDa, respectively. We 
also produced the single-domain B1(Vh)-PE33 immunotoxin 
as shown in Fig. 2. The yield of either Bl(dsFv)-PE33 or 
B1(Vh)-PE33 was 8-10% of the total protein present in 
inclusion bodies. 

Improved Cytot xic Activity of Bl(dsFv)-PE33 Toward Bl- 
Antigen-Expressing Cell Unes. The cytotoxicity of Bl(dsFv)- 
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Fig. 2. Purity of BUdsFv)-PE33 and Bl( Vh)-PE33: SDS/4-20% 
PAGE. Lanes: U Bl( V„)-PE33. nonrcduccd: 2, BI(dsFv)-PE33, non- 
rcduccd: 3. BUVh)-PE33, reduced: and 4. Bl{dsFv)-PE33, reduced. 
The left lane contains mass markers. 

PE33 was determined by measuring the decrease in incorpo- 
ration of pHJIeucine by various human cancer cell lines after 
treatment with immunotoxin (24). Bl(dsFv)-PE38 and 
Bl( Vh)-PE33 (no light chain) were included for comparison. 
Fig. 14 and Table 1 show that all three proteins are cytotoxic 
to cells expressing Bl antigen (A431. MCF7, CRL1739, and 
LNCaP) but not to cells that do not bind mAb Bl (L929 and 
HUT102). In this assay, Bl(dsFv)-PE33 had an IC50 of 0.25 
ng/ml on A431 cells and 0.35 ng/ml on MCF7 cells. We found 
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Fig. 3. (A) Toxicity of Bl(dsFv)-PE33 for various cell lines. (B) 
mAb Bl inhibition of the cytotoxicity of Bl(dsFv)-PE33 for A43 1 cells. 
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A43I 
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0.5 


0.25 
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Breast carcinoma 
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0.9 


0.35 
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0.4 


0.31 


ND 
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1.3 


ND 
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>100fl 
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Mouse fibroblast 




>1000 
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•All the cell lines except L929 arc of human origin. 

^hc level of antigen expression is marked + + + ,+. and - forsiront 

medium, and no detectable expression in immunofluorescence, rc 

spectively. 

♦Cytotoxicity data are given as IC50 value, the concentration c 
immunotoxin that causes a 50% inhibition of protein synthesis aftc 
a 20-h incubation with immunotoxin. 

that Bl{dsFv)-PE33 was more active on all aniigen-posiiiv' 
cell lines compared with Bl(dsFv)-PE38, which requires pro 
teolytic processing. To analyze whether the cytotoxicity o 
BI(dsFv)-PE33 was specific, competition experiments were 
carried out with an excess of mAb Bl. Fig. 3B shows that th< 
intoxication of A431 carcinoma cells by Bl(dsFv)-PE33 is du( 
to the specific binding to the Bl antigen, since its cytotoxicit- 
was blocked by excess mAb Bl. We also tested B1{Vh)-PE33 
which is not associated with light chain, and found that it wa 
only about 10-fold less cytotoxic (IC50 of 2 ng/ml on A43 , 
cells) than Bl{dsFv)-PE33 (Table 1), indicating the heavA 
chain has a major role in antigen binding; However, a rerftet 
single-domain immunotoxin, B3(Vh)-PE38, which require: 
proteolytic processing for activation, is much less active, wiii 
an IC50 of 40 ng/ml on A431 cells (28). 

Antigen Binding of Bl(dsFv)-PE33, To determine whethe; 
the improved cytotoxicity of Bl(dsFv)-PE33 is due to im 
proved binding, we analyzed its binding affinity to antigen 
positive cells (A431 cells) by competition assays, in which 
increasing concentrations of each immunotoxin competed foi 
the binding of *^Mabeled Bl IgG to A431 cells at 4X. The 
results shown in Fig. 4 indicate that Bl IgG, Bl(dsFv)-PE38 
Bl(dsFv)-PE33. and B1(Vh)-PE33 competed for the binding 
of '25i.iabeled Bl IgG to A431 cells by 50% at 40 nM, 2 
3.5 fxM. and 25 fiM, respectively. Thus, the binding affinity o' 




100 1000 10000 100000 
Competitor. nM 

Fig. 4. Binding of Bl(dsFv)-PE33, Bl(dsFv)-PE38, and B1(Vh) 
PE33 to A431 cells: Competitive binding analysis of the ability o! 
purified Bl(dsFv).PE33, Bl(dsFv)-PE38. and Bl( Vh)-PE33 to inhibit 
the binding of *^Mabc!cd Bl IgG to A431 cells ovcrcxprcssing Bl 
antigen, , BS IgG: O. Bl(dsFv).PE33; ^s., Bl(dsFv)-PE38; and a 
B1(V„).PE33. 
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Thermal stability of immunotoxins 



Amount, % of control 



Immunotoxin Monomer Aggregates 



BUdsFv)-PE38 

BI(Fv)-PE38 

BI(dsFv).PE33 



100 
^40 

too 



<0-l 
-60 
<0.1 



Ihc thermal stability of immunotoxins to heat treatment was 
ictcrmincd by incubation at 0, 1 mg/ml in PBS at 3T*C for 8 h. followed 
•V ;ni;tlyiical chromatography on a TSK G3000SW (TosoHaas) col- 
..,„ m quantitate the amount of monomers and aggregates compared 
.» the untreated immunotoxins. y 

MHdsFv)-PE33 is slightly reduced compared with Bl(dsFv)- 
l*l:3S. Therefore, the improved cytotoxicity cannot be due to 
improved binding, suggesting that elimination of the require- 
ment for proteolytic activation is probably responsible for the 
improved cytotoxicity. The single-domain immunotoxin 
IM( V||)-PE33 exhibited a 10-fold lower binding affinity rela- 
tive to the dsFv-immunotoxins, which is consistent with its 
Jiminished cytotoxicity (Table I). 

Stability of Immunotoxin. The stability of immunotoxins at 
}TC is an important factor in their usefulness as therapeutic 
;ii:cnts. The stability of an immunotoxin is governed by its 
tendency to aggregate at 37*0. The thermal stability of 
lil(dsFv)-PE33, Bl(dsFv)-PE38, and Bl(Fv).PE38 was deter- 
mined by measuring the amount of aggregation and inactiva- 
tion at 37*'C as described in Materials and Methods. We found 
that both Bl(dsFv)-PE33 and Bl(dsFv)-PE38 were monomers 



before incubation in PBS at 3TC and remained monomeric for 
8 h (Table 2). In contrast, the single-chain immunotoxin 
Bl(Fv)-PE38 formed >60% aggregates after an 8-h incuba- 
tion at 3TC (Table 2; also see ref. 20). Following the 8-h 
incubation at 37''C, Bl(dsFv)-PE33 and BI(dsFv).PE38 re- 
tained almost all their initial cytotoxic activity, while Bl (Fv)- 
PE38 lost 75% of its initial cytotoxic activity (20). Thus, both 
BI(dsFv)-PE38 and Bl(dsFv)-PE33 are extremely stable at 
37X, presumably because they do not tend to aggregate as 
do the scFv-immunotoxins. 

Toxicity of Immunotoxins in Mice. The toxicity of single 
doses of the immunotoxins Bl(dsFv)-PE33 and Bl(dsFv)- 
PE38 was measured by t.v. injections of different amounts • 
immunotoxin into BALB/c mice. The mice were observed for 
14 days after injection. The LD50 of both immunotoxins was 
found to be 0.5 mg/kg, similar to the LD50 determined for the 
Bl(dsFv)-PE38 as well as other anti-Lewis^ Fv-immunotoxins 
(23). The results show that even though the immunotoxin is 
more active on target cells because it does not require pro- 
teolytic activation, it is not more toxic to mice. This toxicity in 
mice is presumed to be due to nonspecific uptake of the toxin 
moiety by the liver (29). 

Improved Antitumor Activity of Bl(dsFv)-PE33. To deter- 
mine whether the improved cytotoxicity in vitro is accompa- 
nied by an increase in antitumor activity, Bl(dsFv)-PE33 and 
Bl(dsFv)-PE38 were compared by assessing their ability to 
cause regression of established human carcinoma xenografts in 
nude mice. Nude mice were injected with 3 X 10^ A431 cells 
s.c. on day 0. Beginning 5 days later, when tumors averaged 
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Fig. 5. Antitumor effect and durability of complete remissions due to Bl(dsFv)-PE33 and Bl(dsFv)-PE38 in a nude mouse model. Groups of 
five mice were injected s.c. with 3 x 10* A431 cells on day 0 and were treated by i.v. injections of Bl(dsFv)-PE33 (Left) or Bl(dsFv)-PE38 (Right) 
on days 5, 7. and 9 (indicated by arrows), when the tumors were established. Control mice were treated with PBS-HSA. Error bars represent the 
standard error of the data. o. Control; Q, 400 pmol/kg; a, 200 pmol/kg; and ^. 100 pmol/kg. 
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50-70 mm-^ in volume, the mice were treated with i.v. injections 
on days 5, 7» and 9 of various doses of immunotoxin. Control 
mice were treated with PBS-HSA only. As shown in Fig. 5, both 
immunotoxins demonstrated significant dose-dependent anti- 
tumor activity. Bl(dsFv)-PE38 caused only partial regression 
of A431 tumors at the 6.5 ^tg/kg (100 pmol/kg) dose level, 
whereas Bl(dsFv)-PE33 at the same dose caused complete 
disappearance of the tumors (Fig. 5). Furthermore, the tumors 
treated with Bl(dsFv).PE38 at 200 pmol/kg (13 /xg/kg) re- 
gressed completely after the third injection but regrew within 
a few days, whereas Bl(dsFv)-PE33 at 200 pmol/kg (12 fxg/kg) 
caused complete .regressions that lasted over I month in 5 of 
5 animals. These results indicate that Bl(dsFv)-PE33 has 
significantly better antitumor activity than Bl(dsFv)-PE38. 
Thus, the improved cytotoxicity in vitro results in improved 
antitumor activity in animals. 

DISCUSSION 

We have developed a recombinant immunotoxin composed of 
a dsFv fragment of mAb Bl and a truncated form of PE that 
is smaller than other recombinant PE-derived immunotoxins 
and does not require intracellular proteolytic activation. An- 
other advantage is that it is more active in vitro and a more 
potent antitumor agent than immunotoxins made with the 
same antibody that require proteolytic processing (20). 

Location for Bl(dsFv) Insertion in PE33. The Bl dsFv 
fragment was inserted between the translocation domain and 
ADP-ribosylation domain of PE, replacing domain lb. The 
rationale for this design is that domain lb (amino acids 
364-395) is not essential for the cytotoxic activity (30), and it 
can be completely deleted from immunotoxins without loss of 
activity. In fact, it is also possible to delete a portion of domain 
II (amino acids 343-364) without loss of activity. In addition, 
analysis of the proposed structure of Bl(dsFv)-PE33 by using 
computer graphics (N. Kurochkina, C.-T.K. and LP., unpub- 
lished results) indicates that domain lb should be a good 
location for insertion of the dsFv fragment, because the 
complementarity-determining regions of the Fv should be 
"free" to interact with antigen. The results in Fig. 4 show that 
the presence of Bl(dsFv) in this region only minimally affected 
antigen binding. In another study, we have inserted a dsFv 
fragment of mAb e23, which binds to the erbB2 antigen, near 
the carboxyl terminus of PE35 at amino acid 607; this location 
was found to significantly decrease antigen binding of 
e23(dsFv) to its antigen (31). It is necessary to investigate 
whether the domain lb location is useful for the insertion of 
other dsFvs. 

Improved Antitumor Activity of Bl(dsFv)-PE33. To com- 
pare the antitumor activity of Bl(dsFv)-PE33 with Bl(dsFv)- 
PE38, we used the A431 human epidermoid carcinoma model 
to evaluate the ability of both immunotoxins to cause complete 
regression of tumors. Bl(dsFv)-PE38 is very potent in antitu- 
mor activity (20). We found that when the nude mice were 
treated with three doses of 200 pmol/kg, given every other day, 
Bl(dsFv)-PE38 caused significant tumor regressions but did 
not produce cures. In contrast, Bl(dsFv)-PE33 caused com- 
plete remissions and cures in all animals at the same dose of 
200 pmol/kg (Fig. 5). Thus, Bl(dsFv)-PE33 has better antitu- 
mor activity than Bl(dsFv)-PE38. Since both Bl(dsFv)-PE33 
and Bl(dsFv)-PE38 have the same toxicity in mice, the PE33 
immunotoxin has a larger therapeutic window. The effective 
dose causing complete remissions in nude mice is 2.5% of the 
LDso. This makes Bl(dsFv)-PE33 a good candidate for clinical 
development. The improved antitumor activity of Bl(dsFv)- 



PE33 over Bl(dsFv)-PE38 is a consequence of better cytotox- 
icity in vitro due to lack of requirement for proteolytic activa- 
tion and possibly smaller size for better tumor penetration. 
Since the efficiency of proteolytic activation can vary in 
different types of cells, the type of recombinant immunotoxin 
described here may be more. useful than the previous gener- 
ation of molecules, which require proteolytic activation. 
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ABSTRACT Bl(dsFv)-PE33 is a recombinant immuno- 
toxin composed of a mutant form of Pseudomonas exotoxin 
(PE) that does not need proteolytic activation and a disulfide- 
stabilized Fv fragment of the anti-Lewis^' monoclonal antibody 
Bl, which recognizes a carbohydrate epitope on human car- 
cinoma cells. In this molecule, amino acids 1-279 of PE are 
deleted and domain lb (amino acids 365-394) is replaced by 
the heavy chain variable region (Vh) domain of monoclonal 
antibody BL The light chain (VJ domain Is connected to the 
Vh domain by a disulfide bond. This recombinant toxin, 
termed Bl(dsFv)-PE33, does not require proteolytic activation 
and it is smaller than other immunotoxins directed at Lew^s^ 
all of which require proteolytic activation. Furthermore, it is 
more cytotoxic to antigen-positive cell lines. Bl(dsFv)-PE38 
has the highest antitumor activity of anti-Lewis^' immunotox- 
ins previously constructed. Bl(dsFv).PE33 caused complete 
regression of tumors when given at 12 fig/kg (200 pmol/kg) 
every other day for three doses, whereas Bl(dsFv)-PE38 did 
not cause regressions at 13 /xg/kg (200 pmol/kg). By bypass- 
ing the need for proteolytic activation and decreasing molec- 
ular size we have enlarged the therapeutic window for the 
treatment of human cancers growing in mice, so that complete 
remissions are observed at 2.5% of the LD50. 

Recombinant Fv-immunotoxins are chimeric proteins in which 
a truncated toxin is fused to an Fv fragment of an antibody. 
The Fv region targets antigens on tumor cells and the toxin 
moiety kills the cell. Fv-immunotoxins have very good cyto- 
toxic activity on human tumor cell lines and can cause com- 
plete regression of established human tumor xenografts in 
mice (1-3). Several Fv-immunotoxins are currently being 
evaluated in clinical or preclinical trials (4). Originally, the Fv 
fragments of the recombinant toxins were designed in a 
single-chain form (scFv-immunotoxins), in which the heavy 
and light chain variable region (Vh and Vl) domains are 
connected by a flexible peptide linker (5, 6). Subsequently a 
method was developed to stabilize the Fv fragments by an 
interchain disulfide bond that connects structurally conserved 
franfework regions of the Vh and Vl domains (refs. 7-9 and 
reviewed by Reiter and Pastan in ref. 10). Such disulfide- 
stabilized dsFv-immunotoxins are much more stable than 
scFv-immunotoxins, and some have improved antigen-binding 
affinities and improved antitumor activities (11). A major 
advantage of using Fv fragments, which are the smallest 
functional modules of antibodies, in recombinant immunotox- 
ins is that these molecules are significantly smaller than 
chemical conjugates made with whole antibodies. This allows 
them to effectively penetrate into solid tumors (12, 13). 

Pseudomonas exotoxin (PE)-based recombinant immuno- 
toxins require proteolytic activation. Domain II of the toxin is 

The publication coses of this aniclc were defrayed in pan by page charge 
payment. This anide must therefore be hereby marked ^^advertisement'* in 
accordance with 18 U.S.C. $1734 solely to indicate this fact. 
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Fig, I. Schematic of expressed proteins. Positions of amino a< 
that span PE sequences are numbered. The arrow marks the prot 
lytic site of PE for activation. S— S shows the disulfide bond link 
between the Fv fragments. L, peptide linker, II, PE domain II 
translocation: lb, PE domain lb (function unknown); III, PE don^. 
Ill for ADP-ribosylation of EF2. 

cleaved between amino acids 279 and 280, a reaction tha 
catalyzed by the enzyme furin (14, 15). This step could be r 
limiting, because the furin concentration in cells is low ; 
some cancer cells may be furin deficient. Therefore, we h 
constructed a recombinant immunotoxin that docs not n 
proteolytic activation. Furin cleavage generates a 37-V 
carboxyl-ierminal fragment of PE, amino acids 280- 
(PE37), that contains the translocating and ADP-ribosylai 
activity of PE (16. 17). If a functional Fv fragment coulc 
inserted into PE37 without destroying its ADP-ribosylat 
activity or translocating ability and the Fv still retained 
binding affinity, then the recombinant molecule should 
more active than a toxin which needs to be proteolytic 
processed. 

Monoclonal antibody (mAb) 31 is a murine antibody 
rected against Lewisy-related carbohydrate antigens, which 
abundant on the surface of many carcinomas (18). mAb Bl 
been used to make both single-chain and disulfide-stabil 
Fv-immunotoxins (18-20). These agents are capable f cau 
complete regression of established xenografts in nude r 
(20). T develop a recombinant immunotoxin that is small 
stable and does not need proteolytic processing, we I 
replaced domain lb (amino acids 365-394) of PE37 with 

Abbreviations: mAb, monoclonal antibody; Vh and Vu variable h 
and light chain, respectively; scFv and dsFv, single-chain and disul 
stabilized Fv, respectively; PE, Pseudomonas exotoxin; Mes, 4- 
pholinccthanesulfonic acid, 
•To whom reprint requests should be addressed. 
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\ ,1 fragment of mAb Bl and linked the uomain to the Vl 
Jiimain with a disulfide bond (Fig. 1). We find that the 
ivsuliing molecule. Bl(dsFv)-PE33, is more active than any 
previous mAb Bl-containing immunoioxin. 

MATERIALS AND METHODS 

Construction orPiasmids for Expression of Bl(dsFv)-PE33. 

•Siicky fcet"-directed mutagenesis (21) using uracil<ontaining 
pDFI as a template was used to construct the expression 
plasmid encoding for B1(Vh)R44C-PE33, the component of 
■ he intramolecularly inserted dsFv-immunotoxin. The con- 
junction of plasmids pDFl, which encodes PE37, which starts 
;ii methionine followed by PE p.mino acids 281-613 (a^tun- 
caicd form of PE that does not require proteolytic activation), 
and pBIVhR44C-PE38, which encodes the single-domain 
15 1 ( Vh ) R44C-PE38 immunotoxin, has been described ( 16, 20). 
The B1(Vh)R44C ON A was PGR amplified by using the 
plasmid pB1VhR44C-PE38 as a template and oligo primers 
(TI19 and 5'-phosphorylated CT120. The forward PGR 
primer GT119, S'-GGCAAGGAGGAGGGGGGGGGGGCG- 
\ACGGCGGTGGCGGAICCGAGGTGCAGCTGGTGG- 
\ ATCTGGA-3\ had sequences that are identical to the DNA 
encoding PE residues 356-364 and a peptide linker GGGGS 
inserted at the 5' end of Vh, and a BamHl site was created 
(underlined). The reverse PGR oligonucleotide primer CT120, 
.V-GTCGCCGAGGA ACTC CGCGCCAGTGGGCTC- 
GGGACCTCCGGAAQanTGC-3', had sequences that 
arc complementary to the DNA encoding PE residues 395-403 
and an Fv-toxin junction (connector) inserted at the 3' end of 
V|i, and a Hindlll site was created (underlined). The PGR 
product was purified and annealed with a uracil-containing 
single-stranded DNA prepared by the rescue of pDFl phage- 
mid with an M13K07 helper phage (Bio-Rad). The DNA was 
extended and ligated according to the Muta-Gene mutagenesis 
kit (Bio-Rad). Because the annealing efficiency of the PGR 
fragment to the single-stranded template and the mutagenesis 
efficiency were low (*« 10%), the DNA pool of the mutagenesis 
reaction was digested with a restriction endonuclease which 
cuts a unique site in the domain lb region but not in Bl( Vh). 
This extra digestion step improved the mutagenesis efficiency 
to more than 50%. Correct clones were identified by DNA 
restriction analysis and verified by DNA sequencing. The 
resulting immunotoxin clone was named pBl( Vh)R44C-PE33 
or pCTK104. It encodes a single-domain Bl(VH)-inimunotoxin 
in which the Vh domain replaces the domain lb region (amino 
acids 365-394) of PE37. The plasmid pBlVtAlOSCSTOP 
encodes Bl( VJ A 105C, which is a component of dsFv-immuno- 
loxin as described previously (20). 

Production of Recombinant Immunotoxin. The components 
of the disulfide-stabilized immunotoxins B1(Vh)R44C-PE38, 
BI(Vh)R44C-PE33, and B1(Vl)A105C or the single-chain 
immunotoxin Bl(Fv)-PE38 were produced in separate Esch- 
crichia colt BL21(ADE3) (22) cultures harboring the corre- 
sponding expression plasmid. All recombinant proteins accu- 
mulated in inclusion bodies. Disulfide-stabilized immunotox- 
ins were obtained by mixing equimolar amounts of solubilized 
and reduced inclusion bodies essentially as described (23), 
except that the final oxidation step was omitted and refolding 
was carried out at pH 9.5. Properly folded disulfide-stabilized 
and single-chain immunotoxins were purified by sequential 
ion-exchange (Q-Sepharose and Mono Q) followed by size- 
exclusion chromatography on a TSK G3000SW (TosoHaas) 
column as described (7). 

Analysis of Immunotoxins. The cytotoxic activity of immu- 
notoxins was determined by inhibition of protein synthesis as 
described (24). For competition assays designed to prove the 
specificity of the recombinant immunotoxins, we changed the 
medium and added 50 ptg of antibody per well 30 min prior to 
the addition of the immunotoxin. Thermal stability of the 



immunotoxins was dett..*iined by incubating them at 100 
fig/ml in phosphate-buffered saline (PBS; 6.7 mM sodium 
phosphate, pH 7.4/150 mM NaCl) at 3rc for 8 h, followed by 
analytical chromatography on a TSK G3000SW (TosoHaas) 
column to separate the monomers from larger aggregates (8). 
Relative binding affinities of the immunotoxins were deter- 
mined by adding *"I-labeled Bl-IgG to 10^ A431 cells as a 
tracer with various concentrations of the competitor. The 
binding assays were performed at 4**C for 2 h in RPMI medium 
1640 containing 1% bovine serum albumin and 50 mM Mes 
(Sigma) as described (25). 

Toxicity and Antitumor Activity in Nude Mice. The single- 
dose mouse LD50 was determined by using female BALB/c 
mice (6-8 weeks old, ^20 g), which were given a single i.v. 
injection of different doses of Bl(dsFv)PE38 or Bl(dsFv)PE33 
diluted in 200 fxl of PBS containing 0.2% human serum 
albumin (PBS-HSA). Mice were followed for 2 weeks after 
injection. Athymic (nu/nii) mice, females 6-8 weeks old. ««20 
g, were injected s.c. on day 0 with 3 x 10'*A431 cells suspended 
in RPMI medium without fetal bovine serum. By day 5, tumors 
were about 50-70 mm^ in size. Mice were treated on days 5, 7. 
and 9 by i.v. injections of different doses of immunotoxins 
diluted in PBS-HSA. Tumors were measured with a caliper and 
the tumor volumes were calculated by using the formula 
volume = length x width^ X 0.4. 

RESULTS 

Plasmid Constructions and Production of BI(dsFv)-PE33. 
Our goal was to construct an active recombinant immunotoxin 
that was smaller than the current generation of recombinant 
immunotoxins and that did not need intracellular proteolytic 
cleavage for activation. To do this we inserted the Bl dsFv 
fragment between domains II and III by replacing domain lb 
of PE37, a truncated form of PE that contains only the portion 
of the toxin that undergoes translocation to the cytosol. As 
shown in Fig. 1, the Vh domain replaces amino acids 365-394 
of PE37 and the Vl domain is connected to the Vh domain by 
a disulfide bond engineered into the framework region, with 
cysteines introduced at position 44 of Vh and position 105 of 
Vl (7). The resulting recombinant immunotoxin, termed 
Bl(dsFv)-PE33, is 5 kDa smaller than Bl(dsFv).PE38 or 
Bl(Fv)-PE38 (Fig. 1). In the toxin portion. Cys-287 was 
changed to a Ser to reduce the chance of incorrect disulfide 
bond formation (26). Bl( Vh)R44C is inserted after amino acid 
364 of PE and the insert is preceded by a small flexible peptide 
linker, GGGGS. Following the Vh domain is another peptide, 
KASGGPE, C3 connector (27), that connects the carboxyl 
terminus of Vh to amino acid 395 of PE. 

The "sticky feet"-directed mutagenesis protocol used for the 
construction of B1(Vh)R44C-PE33 is described in Materials 
and Methods, Immunotoxins were expressed in £. coli 
BL21(ADE3); cultures for expressing the components of the 
dsFv-immunotoxin were prepared separately. The immuno- 
toxins were purified by refolding of inclusion bodies in a 
redox-shuffling buffer and sequential ion-exchange and gel- 
filtration chromatography as described in Materials and Meth- 
ods. The proteins obtained were more than 95% homogeneous 
and had the expected molecular mass of 59 kDa on SDS/ 
PAGE as shown in lane 2 of Fig. 2. In the presence of the 
reducing agent 2-mercaptoethanol, the dsFv-immunoioxin, 
Bl(dsFv)-PE33, dissociated into its two components (lane 4), 
Bl( Vl) and Bl( Vh)-PE33. The apparent molecular masses of 
these components are 13 kDa and 46 kDa, respectively. We 
also produced the single-domain B1(Vh)-PE33 immunotoxin 
as shown in Fig. 2. The yield of either Bl(dsFv)-PE33 or 
B1(Vh)-PE33 was 8-10% of the total protein present in 
inclusion bodies. 

Impr vcdCyt t xic Activity f Bl(dsFv)-PE33 T ward Bl- 
Antigen-Cxpressing Cell Lines. The cytotoxicity of Bl(dsFv)- 
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Fig. 2. Purity of BI(dsFv).PE33 and BI(Vh)-PE33: SDS/4-20% 
PAGE. Lanes: K Bl( V||).PE33, nonreduccd: 2, Bl(dsFv)-PE33. non- 
reduced; 3. B1(Vh)-PE33. reduced: and 4. Bl(dsFv)-PE33, reduced. 
The left lane contains mass markers. 

PE33 was determined by measuring the decrease in incorpo- 
ration of pH]Ieucine by various human cancer cell lines after 
treatment with immunotoxin (24). Bl(dsFv)-PE38 and 
Bl( Vh)-PE33 (no light chain) were included for comparison. 
Fig, 2A and Table I show that all three proteins are cytotoxic 
to cells expressing Bl antigen (A431, MCI^, CRL1739, and 
LNCaP) but not to cells that do not bind mAb 81 (L929 and 
HUT102). In this assay, Bl(dsFv)-PE33 had an IC50 of 0.25 
ng/ml on A431 cells and 0.35 ng/ml on MCF7 cells. We found 
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Fig. 3. (A) Toxicity of BI(dsFv)-PE33 for various ceil lines. (B) 
mAbBI mhibition of the cytotoxicity of B I (dsFv)-PE33 for A431 cells. 
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Table I. 



Cell line* 


Cancer type 


Antigen 
expres- 
sion''' 


BI(dsFv) 
PE3ft 


'^•^K* ng/nii 
- Bl(dsFv). 


Bl(V„). 
rE33 


A431 


Epidermoid 


+ + + 


0.5 


0.25 


2.0 


MCF7 


Breast carcinoma 


+ + + 


0.9 


0.35 


4.0 


CRL1739 Gastric 


+ + + ■ 


0.4 


0.3! 


ND 


LNCaP 


Prostate 




7.0 


1.3 


ND 


HUT102 


T<cll leukemia 




>1000 


>I000 


>1000 


L929 


Mouse fibroblast 




>1000 


>1000 


>I000 



ND. not determined. 
•All the cell lines except L929 are of human origin, 
^e level of antigen expression is marked + + and - for strong, 
medium, and no detectable expression in immunofluorescence, re- 
spectively. 

*Cyioioxicity data are given as ICjo value, the concentration of 
immunotoxin that causes a 50% inhibition of protein synthesis after 
a 20-h incubation with immunotoxin. 

that Bl(dsFv)-PE33 was more active on all antigen-positive 
cell lines compared with Bl(dsFv).PE38, which requires pro- 
teolytic processing. To analyze whether the cytotoxicity of 
Bl(dsFv)-PE33 was specific, competition experiments were 
carried out with an excess of mAb Bl. Fig. 3B shows that the 
intoxication of A431 carcinoma cells by Bl(dsFv)-PE33 is due 
to the specific binding to the Bl antigen, since its cytotoxicity 
was blocked by excess mAb Bl. We also tested B1(Vh)-PE33\ 
which is not associated with light chain, and found that it was 
only about 10-foId less cytotoxic (IC50 of 2 ng/ml on A43r 
cells) than Bl(dsFv)-PE33 (Table 1). indicating the heavy 
chain has a major role in antigen binding. However, a related 
single-domain immunotoxin, B3(Vh)-PE38, which requires 
proteolytic processing for activation, is much less active, with 
an IC50 of 40 ng/ml on A431 cells (28). 

Antigen Binding of Bl(dsFv)-PE33. To determine whether 
the improved cytotoxicity of Bl(dsFv)-PE33 is due to im- 
proved binding, we analyzed its binding affinity to antigen- 
positive cells (A431 cells) by competition assays, in which 
increasing concentrations of each immunotoxin competed for 
the binding of >^Mabeled Bl IgG to A431 cells at 4X. The 
results shown in Fig. 4 indicate that Bl IgG. Bl(dsFv).PE38, 
Bl(dsFv).PE33, and B1(Vh)-PE33 competed for the binding 
of *25Mabeled Bl IgG to A431 cells by 50% at 40 nM, 2 ^M, 
3.5 /iM. and 25 /LtM, respectively. Thus, the binding affinity of 




1000 10000 100000 
Competitor, nM 

Fig. 4. Binding of Bl(dsFv)-PE33, Bl(dsFv).PE38. and B1(Vh)- 
PE33 to A431 cells: Competitive binding analysis of the ability of 
purified Bl(dsFv)-PE33. Bl(dsFv)-PE38. and Bl( Vh)-PE33 to inhibit 
the binding of *^Mabcled Bl IgG to A431 cells ovcrcxprcssing Bl 
antigen. . Bl IgG: O, Bl(dsFv)-PE33; Bl(dsFv)-PE38; and a, 
BI(Vh)-PE33. 
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,hlc ^. niicrmal stability of immunotoxins 



Amount. % of control 



Immunoioxin 



Monomer 



Aggregates 



BI(JsFv)-PE38 

BI(Fv).PE38 

BI(dsFv).PE33 



100 
-40 
100 



<0.1 
-60 

<0.1 



The thermal stability of immunotoxins to heal treatment was 
.Icicrniincd by incubation at 0.1 mg/ml in PBS at 37*0 for 8 h. followed 
•I .iiutlvtical chromatography on a TSK G3000SW (TosoHaas) col- 
III. U) quantitate the amount of monomers and aggregates compared 



ihc untreated immunotoxins. 



ltUdsFv)-PE33 is slightly reduced compared with Bl(dsFv)- 
VV.}^. Therefore, the improved cytotoxicity cannot be due to 
injproved binding, suggesting that elimination of the require- 
ment for proteolytic activation is probably responsible for the 
improved cytotoxicity. The single-domain immunotoxin 
Hl( V||)-PE33 exhibited a 10-foId lower binding affinity rela- 
tive to the dsFv-immunotoxins, which is consistent with its 
diminished cytotoxicity (Table I). 

Stability of Immunotoxin. The stability of immunotoxins at 
.*7-C is an important factor in their usefulness as therapeutic 
aecnis. The stability of an immunotoxin is governed by its 
tendency to aggregate at 3T*C. The thermal stability of 
l}|(dsFv)-PE33, Bl(dsFv).PE38, and Bl(Fv).FE38 was deter- 
mined by measuring the amount of aggregation and inactiva- 
lion at 3TC as described in Materials and Methods. We found 
that both Bl(dsFv)-PE33 and Bl(dsFv)-PE38 were monomers 



before incubation in PBS at 3TC and remained monomeric for 
8 h (Table 2). In contrast, the single-chain immunotoxin 
Bl(Fv)-PE38 formed >60% aggregates after an 8-h incuba- 
tion at 37X (Table 2; also see ref. 20). Following the 8-h 
incubation at 37X. Bl(dsFv)-PE33 and Bl(dsFv)-PE38 re- 
tained almost ail their initial cytotoxic activity, while Bl(Fv)- 
PE38 lost 75% of its initial cytotoxic activity (20). Thus, both 
Bl(dsFv)-PE38 and Bl(dsFv)-PE33 are extremely stable at 
37*C, presumably because they do not tend to aggregate as 
do the scFv-immunotoxins. 

Toxicity of Immunotoxins in Mice, The toxicity of single 
doses of the immunotoxins Bl(dsFv)-PE33 and Bl(dsFv)- 
PE38 was measured by i.v. injections of different amounts • ■: 
immunotoxin into BALB/c mice. The mice were observed for 
14 days after injection. The LD50 of both immunotoxins was 
found to be 0.5 mg/kg, similar to the LD50 determined for the 
Bl(dsFv)-PE38 as well as other anti-Lewis'' Fv-immunotoxins 
(23). The results show that even though the immunotoxin is 
more active on target cells because it does not require pro- 
teolytic activation, it is not more toxic to mice. This toxicity in 
mice is presumed to be due to nonspecific uptake of the toxin 
moiety by the liver (29). 

Improved Antitumor Activity of Bl(dsFv)-PE33. To deter- 
mine whether the improved cytotoxicity in vitro is accompa- 
nied by an increase in antitumor activity, Bl(dsFv)-PE33 and 
Bl(dsFv)-PE38 were compared by assessing their ability to 
cause regression of established human carcinoma xenografts in 
nude mice. Nude mice were injected with 3 X 10* A431 cells 
s.c. on day 0. Beginning 5 days later, when tumors averaged 



B1(dsFv)-PE38 




4 8 12 16 20 24 28 
Time after injection, days 

Fig. 5. Antitumor effect and durability of complete remissions due to Bl(dsFv)-PE33 and Bl(dsFv)-PE38 in a nude mouse model. Groups of 
five mice were injected s.c. with 3 x lOf A431 cells on day 0 and were treated by i.v. injections of Bl(dsFv)-PE33 (i^fi) or Bl(dsFv)-PE38 {Right) 
on days 5, 7, and 9 (indicated by arrows), when the tumors were established. Control mice were treated with PBS-HSA. Error bars represent the 
standard error of the data. O. Control; a 400 pmol/kg; a, 200 pmol/kg; and a, 100 pmol/kg. 
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50-70 mm-* in volume, the mice were treated with i.v. injections 
on days 5^ 7, and 9 of various doses of immunotoxin. Control 
mice were treated with PBS-HSA only. As shown in Fig. 5. both 
immunotoxins demonstrated significant dose-dependent anti- 
tumor activity. Bl(dsFv)-PE38 caused only partial regression 
of A431 tumors at the 6.5 ^tg/kg (100 pmol/kg) dose level, 
whereas Bl(dsFv)-PE33 at the same dose caused complete 
disappearance of the tumors (Fig. 5). Furthermore, the tumors 
treated with Bl(dsFv)-PE38 at 200 pmol/kg (13 ^ig/kg) re- 
gressed completely after the third injection but regrew within 
a few days, whereas Bl(dsFv)-PE33 at 200 pmol/kg (12 Mg/kg) 
caused complete. regressions that lasted over 1 month in 5 of 
5 animals. These results indicate that Bl(dsFv)-PE33 has 
significantly better antitumor activity than Bl(dsFv)-PE38. 
Thus, the improved cytotoxicity in vitro results in improved 
antitumor activity in animals. 

DISCUSSION 

We have developed a recombinant immunotoxin composed of 
a dsFv fragment of mAb Bl and a truncated form of PE that 
is smaller than other recombinant PE-derived immunotoxins 
and does not require intracellular proteolytic activation. An- 
other advantage is that it is more active in vitro and a more 
potent antitumor agent than immunotoxins made with the 
same antibody that require proteolytic processing (20). 

Location for BI(dsFv) Insertion in PE33. The Bl dsFv 
fragment was inserted between the translocation domain and 
ADP-ribosylation domain of PE, replacing domain lb. The 
rationale for this design is that domain lb (amino acids 
364-395) is not essential for the cytotoxic activity (30), and it 
can be completely deleted from immunotoxins without loss of 
activity. In fact, it is also possible to delete a portion of domain 
II (amino acids 343-364) without loss of activity. In addition, 
analysis of the proposed structure of Bl(dsFv).PE33 by using 
computer graphics (N. Kurochkina, C.-T.K. and LP., unpub- 
lished results) indicates that domain lb should be a good 
location for insertion of the dsFv fragment, because the 
complementarity-determining regions of the Fv should be 
"free" to interact with antigen. The results in Fig. 4 show that 
the presence of Bl(dsFv) in this region only minimally affected 
antigen binding. In another study, we have inserted a dsFv 
fragment of mAb e23, which binds to the erbB2 antigen, near 
the carboxyl terminus of PE35 at amino acid 607; this location 
was found to significantly decrease antigen binding of 
e23(dsFv) to its antigen (31). It is necessary to investigate 
whether the domain lb location is useful for the insertion of 
other dsFvs. 

Kmproved Antitumor Activity of BI(dsFv)-PE33. To com- 
pare the antitumor activity of Bl(dsFv)-PE33 with Bl(dsFv)- 
PE38, we used the A431 human epidermoid carcinoma model 
to evaluate the ability of both immunotoxins to cause complete 
regression of tumors. Bl(dsFv)-PE38 is very potent in antitu- 
mor activity (20). We found that when the nude mice were 
treated with three doses of 200 pmol/kg, given every other day, 
Bl(dsFv)-PE38 caused significant tumor regressions but did 
not produce cures. In contrast, Bl(dsFv)-PE33 caused com- 
plete remissions and cures in all animals at the same dose of 
200 pmol/kg (Fig. 5). Thus, Bl(dsFv)-PE33 has better antitu- 
mor activity than Bl(dsFv)-PE38. Since both Bl(dsFv)-PE33 
and Bl(dsFv)-PE38 have the same toxicity in mice, the PE33 
immunotoxin has a larger therapeutic window. The effective 
dose causing complete remissions in nude mice is 2.5% of the 
LDsi). This makes Bl(dsFv)-PE33 a good candidate for clinical 
development. The improved antitumor activity of Bl(dsFv)- 



PE33 over Bl(dsFv)-PE38 is a consequence of better cytotox- 
icity in vitro due to lack of requirement for proteolytic activa- 
tion and possibly snialler size for better tumor penetration. 
Since the efficiency of proteolytic activation can vary in 
different types of cells, the type of recombinant immunotoxin 
described here may be more. useful than the previous gener- 
ation of molecules, which require proteolytic activation. 
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IMMUNOTOXIN CONTAINING A 
DISULFIDE-STABILIZED ANTIBODY 
FRAGMENT JOINED TO A PSEUDOMONAS 
EXOTOXIN THAT DOES NOT REQUIRE 
PROTEOLYTIC ACTIVATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a national stage application of PCT/US96/16327, 
filed on Oct. 11, 1996, and is a continuation-in-part of U.S. 
Ser No. 60/005,388, filed on Oct. 13, 1995, both of which 
are hereby incorporated by reference for all purposes. 

BACKGROUND OF THE INVENTION 

This invention pertains to the production and use of 
Pseudomonas-derived immunotoxins modified to increase 
their toxicity and potency in therapy. In particular, the 
immunotoxins of this invention include a disulfide- 
stabilized (ds) target-binding agent, such as the variable 
region of an antibody molecule, and a Pseudomonas exo- 
toxin that does not require proteolytic activation for cyto- 
toxic activity. 

Immunotoxins were initially produced by chemically cou- 
pling antibodies to toxins (Vltetla et al. Cell, 41: 653-654 
(1985); Pastan et al., Ann. Rev. Biochem. 61: 331-354 
(1992)) to form chimeric molecules. In these molecules, the 
antibody portion mediated selective binding to target cells, 
while the toxin portion mediated translocation into the 
cytosol and subsequent cell killing. Several toxins have been 
used to make immunotoxins, including ricin A chain, 
blocked ricin, saporin, pokeweed antiviral protein, diphthe- 
ria toxin and Pseudomonas exotoxin A (PE) (Pastan et al.. 
Science 254: 1173-1177 (1991); Vitetta et al., Semin Cell 
Biol 2: 47-58 (1991); Tazzari et al., Br J. Hematoi 81: 
203-211 (1992); Uckun et al.. Blood, 79: 2201-2214 
(1992)). 

Several clinical trials with immunotoxins have shown 
activity against lymphomas and other cancers derived from 
the hematopoietic system (Vitetta et al.. Cancer Res. 51: 
4052-4058 (1991); Grossbard et al., J. Clin. Oncol 11: 
12()-iyi (1993)). However, these immunotoxins are hetero- 
geneous and their large size limits penetration into solid 
tumors. Second generation immunotoxins are totally recom- 
binant molecules made by fusing the smallest functional 
module of an antibody, the Fv fragment, to a truncated toxin 
which lacks the cell-binding domain (Brinkmann et al., 
Proc. Natl Acad. ScL USA 88: 8616-8620 (1991); Kreitman 
et al.. Blood, 80: 2344-2352 (1992)). The small size of 
single-chain Fv-immunotoxins makes them much more use- 
ful than chemical conjugates of whole antibodies for certain 
therapeutic applications because their small size increases 
tumor penetration and efficacy (Fukimori et al.. Cancer Res. 
49: 5656-5663 (1989); Jain, Cancer Res., 50: 814-819 
(1990); Sung et al., Cancer Res. 50: 7382-7392 (1990)). 

Several types of recombinant Fv-immunotoxins contain- 
ing PE have been made and tested in vitro as well as in 
animal models (Brinkmann et al.,Prac. Natl Acad. ScL USA 
88: 8616-8620 (1991); Kreitman et aL, Blood, 80: 
2344-2352 (1992); Batra et al., Proc. Natl Acad. Sci. USA 
89: 5867-5871 (1992); Reiter et al., Cancer Res. 54: 
2714-2718 (1994); Brinkmann et al., Proc. Natl Acad. Sci. 
USA 90: 547-551 (1993)). Initially, the Fv regions of the 
immunotoxins were arranged in a single-chain form (scFv- 
imraunotoxin) with the V^ and domains connected by a 
linking peptide. More recently, disulfide-stabilized forms of 
Fv-immunotoxins (dsFv-immunotoxins) have been gener- 
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ated in which the V^ and V^ domains are connected by a 
disulfide bond engineered into the framework region (see, 
e.g. copending application U.S. Ser. No. 08/077,252 filed on 
Jun. 14, 1993; Brinkmann et al.,Prac. Natl Acad. Sci. USA 

5 90: 7538-7542 (1993); Reiter et al., Protein Eng., 7: 
697-704 (1994)). Disulfide-stabilized Fv immunotoxins are 
much more stable than single-chain immunotoxins and can 
show improved binding to antigen (Reiter ct al., /. Biol 
Chem. 269: 18327-18331 (1994); Reiter et Protein Eng. 

10 7: 697-704 (1994)). In addition, dsfv-immunotoxins are 
slightly smaller in size than scfv'-immunotoxins, and may 
exhibit better tumor penetration. 

Recombinant immunotoxins containing PE must be pro- 
teolytically activated within the cell by cleavage in domain 

15 II between amino acids 279 and 280 (Ogata et al. J. Biol 
Chem., 267: 25369-25401 (1992)). To eliminate the need for 
intracellular proteolytic activation and thereby increase 
cytotoxic activity, the toxin moiety of recombinant toxins 
has been modified. This was initially done with recombinant 

20 toxins containing TGFa by producing a truncated toxin 
(PE280-613) with TGFa inserted near the end of domain III 
at position 607 (Theuer et al., J. Urol, 149: 1626-1632 
(1993); Theuer et al. Cancer Res., 53: 340-347 (1993)). 
Because the toxin begins at position 280, it does not need 

25 proteolytic activation within the cell (Ogata et al. J. Biol 
Chem., 267: 25369-25401 (1992); Theuer et al. J. Biol 
Chem., 267: 16872-16877 (1992)). In addition, these mol- 
ecules had two other mutations. One was a deletion of 
unnecessary residues in domain lb (365-380). The other was 

30 to change the carboxyl terminus from REDLK (SEQ ID 
NO:8) to KDEL (SEQ ID NO:9) to increase cytotoxic 
activity (Seetharam et al.7. Biol Chem., 266: 17376-17381 
(1991)). This molecule termed PE35/TGFaKDEL was 
10-700 fold more active than TGFa-PE40 on several human 

35 bladder cancer cell lines (Theuer et al, 7. Urol, 149: 
1626-1632 (1993)). However, even more specific and reac- 
tive immunotoxins are desired. 

SUMMARY OF THE INVENTION 

40 The present invention is premised, in part, on the discov- 
ery that immunotoxins comprising both a disulfide- 
stabilized binding agent and a Pseudomonas exotoxin modi- 
fied so that proteolytic cleavage is not required for 
cytotoxicity, show cytotoxicity far greater than would be 

45 expected based on the performance of fusion proteins com- 
prising either the disiilfide stabilized binding protein or the 
modified Pseudomonas exotoxin alone. 

Thus, in one embodiment, this invention provides for an 
immunotoxin comprising a Pseudomonas exotoxin (PE) that 

50 does not require proteolytic activation for cytotoxic activity 
attached to a variable heavy (V^) region of an Fv antibody 
fragment where the variable heavy region is bound through 
at least one disulfide bond to a variable light (Vy) chain 
region. In a preferred embodiment, the Pseudomonas exo- 

55 toxin is a truncated Pseudomonas exotoxin lacking domain 
la. In another embodiment, Pseudomonas exotoxin lacks 
residues 1 through 279. The variable heavy chain region can 
substantially replace domain lb of the Pseudomonas 
exotoxin, or alternatively, it can be located in the carboxyl 

60 terminus of the Pseudomonas exotoxin. The amino terminus 
of the heavy chain region can be attached to the PE through 
a peptide linker (e.g. SGGGGS (SEQ ID NO:10)). The 
carboxyl terminus of the heavy chain region can also be 
attached to the PE through a peptide linker (e.g., KASGGPE 

65 (SEO ID NO:U)). In a preferred embodiment, the antibody 
fragment is fi-om Bl, B3, B5, e23, BR96, anti-Tac, RFB4, or 
HB21, more preferably from Bl, B3, B5, and e23. The 



5.980,895 

3 4 

carboxyl lerminal sequence of the immunotoxin can be attached to a heavy chain region of an Fv antibody fragment 

KDEL (SEQ ID NO: 9). Particularly preferred immunotox- which is bound through at least one disulfide bond to a 

ins include PE35/e23(dsfv)KI)EL and Bl(dsFv)PE33. variable light chain region or, conversely, attached to a light 

In another embodiment, the variable light (V,) region ^^^S^f ^" antibody fragment which is bound 
rather than the variable heavy region (VJ is 'attached 5 through at least one disulfide bond to a variable heavy ch^ 

(fused) to the Pseudomonas exotoxin, while the variable ^ . - . ■ , , /• 

heavy (V„) chain is bound to the variable light (VJ chain J^'' immunotoxms of th|s invention are suitable for use m 

through aTleast one disulfide bond. Particukrly preferred Pharmacological compositions TTiis invention thus provides 

. °. . ■ 1 J ti r u J- . J u J for a pharmaceutical composition comprising an effective 

embodiments mc ude all of the embodiments described amount of an immunotoxin in a pharmacologically accept- 
above differing only m that the cham is substituted for the 10 ^^j^ excipient. Preferred immunotoxins include any of the 

Vff chain and vice versa. above-described immunotoxins comprising a Pseudomonas 

This invention also provides for nucleic acids encoding all exotoxin (PE) that does not require proteolytic activation for 

of the above-described immunotoxins. Thus, in one cytotoxic activity attached to a heavy chain region of an Fv 

embodiment, this invention provides for a nucleic acid antibody fragment which is bound through at least one 

encoding an immunotoxin comprising a heavy chain vari- disulfide bond to a variable light chain region or, conversely, 

able region of an Fv antibody fragment attached to a attached to a light chain region of an Fv antibody fragment 

Pseudomonas exotoxin that does not require proteolytic which is bound through at least one disulfide bond to a 

activation for cytotoxic activity. The encoded heavy chain variable heavy chain region. 

variable region contains cysteine residues that form disulfide Finally, this invention also provides methods of delivering 

hnkages with a variable Ught chain region of an Fv fragment an antibody to the cytosol of a ceU. The methods involve 

and the antibody fragments comprise the variable light or contacting the cell with a chimeric molecule comprising the 

variable heavy chains of Bl, B3, B5, e23, BR96, anti-Tac, ^^^^^y ^t^^^^^*? Pseudomonas exotoxin that does not 

RFB4, or HB21. In a preferred embodiment, the nucleic acid '^f''^ ^'f^}^ ^""^^-^ ^""^ translocation mto the cyto- 

encodes an immunotoxin in which the heavy chain variable ^.^^ J^f molecule is preferably a fusion 

region is substituted for domain lb of the Pseudomonas protem m which the antibody (e.g., a or a V^ regio^^^ 

exotoxin. In another embodiment, the nucleic acid encodes ^^^^^^^^^^^ >nto domain lb, domain I! or he carboxyl ter- 

an immunotoxin in which the heavy chain variable region is mmusof domam III. Domam III is preferably inacUvated(its 

located after residue 607 of the Pseudomonas exotoxin. The ^yt«»°^^^ ^^*.^^*»y substantially eliminated) by truncation, 

PE component of the encoded immunotoxin preferably lacks of a heterologous peptide sequence, 

amino acid residues 1 through 279. In another preferred ^ - r t » ■ 

embodiment, this invention also provides for nucleic acids Abbreviations for the twenty naturally occurring ammo 

as described above encoding immunotoxins in which the V, fo low convenUonal usage (/mmemotog,^ Synthes^; 

. ■ ■ u . 1 r .u \j u • J • (2nd ed., E. S. Golub and D. R. Gren, eds., Smauer 

chain is substituted for the V„ chain and vice versa. \ . 

. . . Associates, Sunderland, Mass., 1991). Stereoisomers (e.g.. 

It was also a discovery of this invention that smgle Cham 35 Q.^^ij^^ acids) of the twenty conventional amino acids, 
immunotoxins compnsmg or V„ regions alone, rather ^^i^,^^ amino acids such as a,a-disubstituted amino 
than as components of Fv fragments, are capable of bmding ^^^^ j^.^jj^ j ^^-^^ ^^^^^^ ^^y^ ^j^er unconven- 
their taiget molecules. Thus, in yet another embodiment, this jj^^^^j ^^^^ ^^ ^^ij^^le components for 
mvention provides for a single chain immunotoxin fusion polypeptides of the present invention. Examples of uncon- 
protem comprismg a Pseudomonas exotoxin (Pt) that does ^ ventional amino acids include: 4-hydroxyproline, 
not require proteolytic activation for cytotoxic activity y.carboxyglutamate, e-N.N.N-trimethyllysine, e-N- 
attached to a variable hghl (VJ or a vanable heavy (V„) acetyllysine, 0-phosphoserine, N-acetylserine, 
Cham region. Suitable toxin components include any of the N-formylmethionine, S-methylhistidine. S-hydroxylysine, 
Pseudomonas exotoxins described above. In a preferred (^.N-methylarginine, and other simUar amino acids and 
embodiment, the Pseudoinonas exotoxm is a tiimcated ^5 ^^^^ ^ 4-hvdioxyproline). In the polypeptide 
Pseudomonas exotoxm lacking domam la. In another pre- ^^^j^jj^^^ ^^^^j^^^ left-hand direction is the amino- 
ferred embodiment, the Pseudomonas exotoxm lacks resi- tg^^,;^^, direction and the right-hand direction is the 
dues 1 through 279. 'ITie variable heavy or Ught chain can carboxy-terminal direction, in accordance with standard 
substantiaUy replace domain lb, or can be located m the convention. Similarly, unless specified othervwse, 
carboxyl terminus of the Pseudomonas exotoxin. The ammo ^^^^ ^^^^ single-stranded polynucleotide 
terminus of the variable heavy or light chain re^on can be fences is the 5' end; the left hand direction of double- 
attached to the PE through a peptide hnker (e.g., SGGGGS) ^^^^^^^ polynucleotide sequences is referred to as the 5' 
while the carboxyl termmus of the variable heavy or hght direction. The direction of 5' to 3' addition of nascent RNA 
chain region can be attached to the PE through a peptide transcripts is referred to as the transcription direction; 
hnker (e g KASGGPE).TTie variable heavy or hght Cham „^ ^^^^ ^^^^ ^^A strand having the same 
are preferably derived from Bl, B3, B5, e23, BR96^ ant.- sequence as the RNA and which are 5' to the 5' end of the 
Tac, RFB4, or HB21, and more preferably from Bl, B3, B5 r^A transcript are referred to as "upstream sequences"; 
and e23. The immunotoxin can have the caAoxyl terminal sequence regions on the DNA strand having the same 
sequence KDEL. sequence as the RNA and which are 3* to the 3' end of the 

In another embodiment, this invention provides for ^ Rf^A transcript are referred to as "downstream sequences", 
nucleic acids encoding any of the above-described single jhe term "nucleic acid" refers to a single or double- 
chain immunotoxin fusion proteins. stranded polymer of deoxyribonucleotide or ribonucleotide 

This invention also provides for methods of killing cells bases read from the 5' to the 3' end. It includes self- 
bearing a characteristic marker. The methods comprise con- replicating plasmids, infectious polymers of DNA or RNA 
tacting the cells with any of the above-described immuno- 65 and non-functional DNA or RNA. 

toxins comprising a Pseutdomonas exotoxin (PE) that does The phrase "specifically binds to a protein" or "specifi- 

not require proteolytic activation for cytotoxic activity cally immunoreactive with", when referring to an antibody 
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or a "binding agent" refers to a binding reaction which is 
determinative of the presence of the target molecule (e.g. 
protein) in the presence of a heterogeneous population of 
proteins and other biologies. Thus, under designated immu- 
noassay conditions, the specified binding agents or fusion 
proteins comprising the specified binding agents bind to a 
particular protein, or other target molecule, and do not bind 
in a significant amount to other proteins present in the 
sample. Specific binding to a protein under such conditions 
may require a binding agent that is selected for its specificity 
for a particular target molecule. For example, antibodies Bl, 
B3, B5 and BR96 bind the Lewis^ carbohydrate antigen and 
not to any other target molecules present in a biological 
sample. A variety of immunoassay formats may be used to 
select binding agents specifically reactive with a particular 
target molecule. For example, solid -phase ELISA immu- 
noassays are routinely used to select monoclonal antibodies 
specifically immunoreactive with a protein. See Harlow and 
Lane (1988) Antibodies, A Laboratory Manual, Cold Spring 
Harbor Publications, New York, for a description of immu- 
noassay formats and conditions that can be used to deter- 
mine specific immunoreactivity. 

"Peptides" and "polypeptides" are chains of amino acids 
whose a carbons are linked through peptide bonds formed by 
a condensation reaction between the a carbon carboxyl 
group of one amino acid and the amino group of another 
amino acid. The terminal amino acid at one end of the chain 
(amino terminal) therefore has a free amino group, while the 
terminal amino acid at the other end of the chain (carboxy 
terminal) has a free carboxyl group. 

Typically, amino acids comprising a polypeptide are num- 
bered in order, increasing from the amino terminal to the 
carboxy terminal of the polypeptide. ITius when one amino 
acid is said to "follow" another, that amino acid is positioned 
closer to the carboxy terminal of the pol5rpeptide then the 
"preceding" amino acid. 

The term "residue" as used herein refers to an amino acid 
that is incorporated into a peptide. The amino acid may be 
a naturally occurring amino acid and, unless otherwise 
Umited, may encompass known analogs of natural amino 
acids that can function in a similar manner as naturally 
occurring amino acids. 

The term "domain" refers to a characteristic region of a 
polypeptide. The domain may be characterized by a particu- 
lar structural feature such as an alpha helix, or a a pleated 
sheet, by characteristic constituent amino acids (e.g. pre- 
dominantly hydrophobic or hydrophilic amino acids, or 
repeating amino acid sequences), or by its localization in a 
particular region of the folded three dimensional polypep- 
tide. A domain may be composed of a series of contiguous 
amino acids or by amino acid sequences separated from each 
other in the chain, but brought into proximity by the folding 
of the polypeptide. 

A "fiision protein" refers to a polypeptide formed by the 
joining of two or more polypeptides through a peptide bond 
formed between the amino terminus of one polypeptide and 
the carboxyl terminus of another polypeptide. The fusion 
protein may be formed by the chemical couphng of the 
constituent polypeptides or it may be expressed as a single 
polypeptide from nucleic acid sequence encoding the single 
contiguous fusion protein. A single chain ftision protein is a 
fusion protein having a single contiguous polypeptide back- 
bone. 

A "spacer" or "linker" as used herein refers to a peptide 
that joins the proteins comprising a fusion protein. Generally 
a spacer has no specific biological activity other than to join 
the proteins or to preserve some minimum distance or other 
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Spatial relationship between them. However, the constituent 
amino acids of a spacer may be selected to influence some 
property of the molecule such as the folding, net charge, or 
hydrophobicity of the molecule. 

5 A "target molecule", as used herein, refers to a molecule 
to which the binding agent specifically binds. Typically 
target molecules are characteristic of a particular cell type or 
physiological state. Thus, for example, target molecules 
such as Lewis^ antigen or c-erbB2 are typically found on 

10 various cancer cells. Binding agents directed to these target 
molecules thus direct the immunotoxins to the cells bearing 
the target molecules. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 provides a schematic representation of Bl immu- 
notoxins having a disulfide -stabilized binding agent placed 
at the amino terminus or inserted in place of domain lb. 
Positions of amino acids that span PE sequences are num- 
bered. The arrow sign marks the proteolytic site of PE for 
activation. S — S shows the disulfide bond linkage between 
the Fv fragments. L: peptide linker; V^: variable heavy 
chain; V^: variable light chain; 11: PE domain II for trans- 
location; lb: PE domain lb (function unknown); III: PE 
domain III for ADP-ribosylation of EF2. 

25 

FIG. 2 provides a schematic representation of e23 immu- 
notoxins having a carboxyl disulfide-stabilized binding 
agent. Position of the amino acids that span PE sequences 
are numbered. The amino acids listed in the one-letter code 
are the C-terminal residues (SEQ ID N0:9). The arrow sign 
marks the proteolytic site of PE for activation. S — S shows 
the disulfide bond linkage between the Fv fragments linker 
SGGGGS=SEQ ID NO:10. 

FIG. 3 illustrates the plasmids used for expression of e23 

35 dsfv immunotoxins. Positions of cysteine replacement 
(shown as asterisk star) in framework region of e23(Fv) are 
Asn^^^Cys in \„ and Gly^-*Cys in V, . Plasmid pCri2 
encodes a protein termed PE35/TGFaKDEL, starting with a 
Met at position 280 of PE and containing amino acids 281 
to 364 and 381 to 607 with a gene encoding TGFa inserted 
between amino acid 607 and 604 of PE, and the carboxyl- 
terminal amino acids KDEL (SEQ ID N0:9) are substituted 
for the native REDLK sequence (SEQ ID N0:8). Plasmid 
pClTClOl and pCTK103, encoding PE35/e23(V^ys44) 

45 KDEL and PE35/e23(V^ys44), respectively, are the 
expression plasmid for the toxin- components of the dsfv 
immunotoxin PE/e23(dsfv)KDEL (SGGGGS=SEQ ID 
NO:10). Plasmid pCTK102 encodes e23(V^) Cys 99 fused 
to PE amino acids 604-608 and carboxyl terminal sequences 

50 KDEL (SEQ ID N0:9). Plasmids pYR39 and pYR40 encode 
e23(V^ys44)PE38KDEL and e23(V^CyS99), respectively. 

FIG. 4 shows the anti-tumor effect and durabihty of 
complete remissions caused by Bl(dsfv)PE33 and Bl(dsFv) 
PE38 in a nude mouse model. Group of five mice were 

55 injected s.c. with 3x10* on day 0 and were treated by i.v. 
injections of (A) Bl(dsFv)PE33 or (B) Bl(dsFv)PE38 on 
days 5, 7, and 9 (indicated by vertical arrows) when the 
tumors were established. Control mice were treated with 
PBS-HSA. Error bars represent the standard error of the 

60 data. (O) Control; (Q) 400 pmole/kg; (A) 200 pmole/kg; 
(A) 100 pmole/kg. 

FIG. 5 provides a schematic representation of B3 immu- 
notoxins having a dLsuI fide -stabilized binding agent placed 
at the carboxy terminus or inserted in place of domain lb. 

65 Positions of amino acids that span PE sequences arc num- 
bered. S — S shows the disulfide bond linkage between the 
Fv fragments. V^^; variable heavy chain; V^: variable light 
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chain; II: PE domain II for translocation; III: PE domain III piished in what is known as the TGFa/PE40 molecule (also 

for ADP-ribosy!ation of EF2. referred to as TP40) described in Heimbrook et al, Proc. 

Natl Acad. ScL, USA, 87: 4697-4701 (1990) and in com- 

DETAILED DESCRIPTION monly assigned U.S. Ser. No. Oimspil filed Apr. 8, 1992 

Hiis invention relates to Pseudomonas exotoxin (PE) ' Ser No. 07/522,563 filed May 14, 1990. 

based immunotoxins having increased cytotoxic activity. It The disulfide-slabilized binding agent may additionally 

was a surprising discovery of the present invention that substitute for all of domain lb or portions of it. Thus, for 

immunotoxins comprising a disulfide-stabilized binding example residues 343 through 394 in domain lb may be 

agent attached to a Pseudomonas exotoxin that has been eliminated or replaced with one of the two chains of the 

modified so that proteolytic cleavage is not required for disulfide-stabilized binding agent. 

cytotoxic activity show unexpected high levels of The disulfide-stabilized binding agent may alternatively 

cytotoxicity, particularly greater than a ten-fold increase in be located near or at the amino or carboxyl terminus. Where 

cytotoxicity to target cells. This cytotoxicity combined with the disulfide-stabilized binding agent is located in the car- 

the smaller size of the immunotoxin which provides greater boxyl terminus, it is preferably located after amino acid 604, 

penetration into solid tumors results in an immunotoxin of with a position between amino acid 604 and 608 being more 

improved pharmacological efiBcacy. The term binding agent, preferred and a position after about amino acid 607 being 

as used herein, refers to a molecule that specifically recog- most preferred. An appropriate carboxyl end of PE can be 

nizes and binds to a particular preselected target molecule. recreated by placing amino acids about 604-613 of PE after 

The binding agent is thus capable of specifically targeting the binding agent. Thus, the disulfide-stabilized binding 

cells that express the preselected target molecule. Thus agent is preferably inserted within the recombinant PE 

chimeric immunotoxins including a binding agent specifi- molecule after about amino acid 607 and is followed by 

cally bind to and kill or inhibit growth of cells bearing target amino acids 604-61 3 of domain III of PE. The new carboxyl 

molecules recognized by the binding agent. terminus can also include the endoplasmic retention 

Preferred binding agents are immunoglobulins, members sequences REDLK (SEQ ID N0:8) and KDEL (SEQ ID 

of the immunoglobulin family or molecules derived from N0:9), with KDEL (SEQ ID N0:9) being most preferred, 

immunoglobulins or members of the immunoglobulin fam- The terminus may also include terminal PE amino acids, 

ily as described below in Section 11(A). Particularly pre- Thus, in one particularly preferred embodiment, the 

ferred binding agents include immunoglobulin firagments disulfide-stabilized binding agent is an antibody which is 

incorporating recognition domains of the immunoglobulin located after residue 607 and then followed by PE residues 

(or immunoglobuHn family) molecules (e.g. incorporating 604-608 which, in turn, are followed by KDEL (SEQ ID 

the variable region of an antibody). N0:9). The or regions fi-om a desired antibody may 

Preferred binding agents include at least two difierent ^ inserted in a single chain form within domain III. 

polypeptides that are joined together by a linker, most Where the disulfide-stabilized binding agent is an 
preferably by a disulfide hnkage (e.g. formed between 35 antibody, more particularly a Fv region of an antibody, the 

respective cysteines in each chain). Binding agents com- modified PE can be fused to either the or the domain 

prising two polypeptide chains joined by a disulfide linkage of the Fv in any of the PE regions as described above. The 

have a reduced tendency to aggregate, show a generally fusion between the PE and the V^r^ or V,^ can be direct or 

longer serum half-life and are said to be "stabilized". Thus through one or more peptide linker(s). Such linkers can be 

a disulfide-stabilized binding agent, as used herein, refers to attached to the or the at either the carboxyl terminal 

a binding agent comprising at least two polypeptides joined of the variable chain, the amino terminal of the variable 

by at least one disulfide linkage. The disulfide linkage, chain, or at both termini. 

however, need not be the only linkage joining the polypcp- When the variable heavy (V^) chain is fiised to the PE, the 

tides. Thus, for example, a variable light and variable heavy variable light (V^) chain is joined to the fused variable heavy 

chain of an antibody may be joined by a disulfide linkage chain by one or more disulfide linkages. Conversely, when 

and additionally joined by terminal peptide linker. Such a the variable light (V^) chain is fused to the PE, the variable 
molecule may thus be expressed as a single chain fusion * heavy (V,^) chain is joined to the fused variable light chain 

protein (e.g. V^peptide-V^) where the and polypep- by one or more disulfide linkages, 

tides are subsequently cross-linked by the formation of a U was also a discovery of the present invention that 
disulfide linkage. Methods of producing disulfide-stabilized 5^ variable heavy or light chain regions alone, rather than as a 

binding agents can be found in copending patent application component of an Fv region, are capable of specifically 

U.S. Ser. No. 08/077,252, filed on Jun. 14, 1993, now U.S. binding to their target molecules. Thus, in one embodiment, 

Pat. No. 5,747,654. this invention provides for single chain immunotoxin fusion 

As indicated above, the disulfide-stabilized binding agent proteins comprising a Pseudomonas exotoxin (PE) that does 
is attached to a Pseudomonas exotoxin which is modified so 55 not require proteolytic activation for cytotoxic activity 

that it is cytotoxic without requiring proteolytic activation. attached to a variable light (V^) or a variable heavy (V^) 

As explained below in Section III, this typically entails chain region. In effect these fusion proteins are made in the 

truncating the amino terminus to at least position 279. same manner as the disulfide-stabilized fusion proteins 

Methods of producing Pseudomonas exotoxins that do not described above, but the step whereby the respective vari- 
require proteolytic cleavage for activation are described in go ^ble regions are joined by disulfide linkages is omitted. In 

copending patent application Ser. No. 08/405,615, filed on addition, as no disulfide linkages need be formed, there is no 

Mar. 15, 1995 which is a continuation of Ser. No. 07/901, need to introduce cysteine into either of the variable regions, 

709 filed on Jun. 18, 1992. or to eliminate cysteines existing in the PE. Either the 

The dLsulfide-stabilized binding agent may be located at variable light chain or the variable heavy chain can be 
virtually any position within the modified Pseudomonas 65 expressed in fusion with the modified PE. 

exotoxin. In one preferred embodiment, the binding agent is Those skilled in the art will realize that additional 

inserted in replacement for domain la as has been accom- modifications, deletions, insertions and the like may be 
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made to the disulfide -stabilized binding agent and PE genes. The C-terminus of each chain defines a constant region (C) 

Especially, deletions or changes may be made in PE or in a that determines the antibody *s effector function (e.g., 

linker connecting an antibody gehe to PE, in order to complement fixation, opsonization, etc.), while the 

increase cytotoxicity of the fusion protein toward target cells N-terminus of each chain defines a variable region of about 

or to decrease nonspecific cytotoxicity toward cells without 5 100 to 110 or more amino acids primarily responsible for 

antigen for the antibody. Typical modifications, include, but antigen recognition. The terms variable light chain (V^) and 

are not limited to introduction of an upstream methionine for variable heavy chain (V^) refer to these light and heavy 

transcription initiation, mutation of residues to cysteine in ^^^^^ respectively. , . ^ 

the V,, or V, regions for the creation of disulfide linkages, . Members of the in^rauuoglobulm family all share an 

, /' f . • . ^o-t • no ^« • » immunoglobuhn-like domam characterized by a centrally 

mutation of cysteine at position 287 m Ph to serine to lo , , ... .... . c „^ 

* J J* i£j 1- » c . placed disulfide bridge that stabilizes a senes of antiparallel 

prevent unwanted disulfide linkage formation an upst^ ^ ^^^^^^^ immunoglobulin-like fold. Members of the 

(amino) peptide hnker (c-g; GGGGS SEQ ID N0:12) a Fa^^iiy (e.g., MHC class I fclass II molecules, antibodies and 

downstream (carboxyl) peptide linker (e.g. KASGGPE SEQ ^ cell receptors) can share homology with either immuno- 

ID N0:11), and so forth. All such constructions may be globulin variable or constant domains, 

made by methods of genetic engineering well known to 15 Full-length immunoglobulin or antibody "light chains" 

those skilled in the art (see, generaUy, Berger and Kimmel, (generally about 2S kilodaltons (Kd), about 214 amino 

Guide to Molecular Cloning Techniques, Methods in Enzy- acids) are encoded by a variable region gene at the 

mology Volume 152 Academic Press, Inc., San Diego, Calif. N-terminus (generally about 110 amino acids) and a constant 

(Berger); Sambrook et al. Molecular Cloning-^ Labora- region gene at the COOH-terminus. Full-length immuno- 

tory Manual (2nd ed.) Vol. 1-3, Cold Spring Harbor 20 globulin or antibody "heavy chains" (generally about 50 Kd, 

Laboratory, Cold Spring Harbor Press, N.Y., (1989); and about 446 amino acids), are similarly encoded by a variable 

Current Protocols in Molecular Biology j F. M. Ausubel et region gene (generally encoding about 116 amino acids) and 

aL, eds,, a joint venture between Greene Publishing one of the constant region genes (encoding about 330 amino 

Associates, Inc. and John Wiley & Sons, Inc., (1994 acids). Typically, the "V^" will include the portion of the 

Supplement) (Ausubel). Methods of producing recombinant 25 light chain encoded by the and (J or joining region) 

immunoglobulins are also known in the art. See, Cabilly, gene segments, and the " V^" will include the portion of the 

U.S. Pat. No. 4,816,567; and Queen et al. Proc, Nat'lAcad, heavy chain encoded by the V^, and D^, (D or diversity 

Sci. USA, 86: 10029-10033 (1989)). region) and gene segments. See generally, Roitt, et aL, 

I. Disulfide Stabilized Binding Protein Immunology, Chapter 6, (2d ed. 1989) and Paul, Fundamen- 

A) General immunoglobulin structure 30 ta I Immunology ; Raven Press (2d ed. 1989). The Fv antibody 

As used herein, the terms "immunological binding" and fragment includes the variable heavy chain and variable 

"immunological binding properties" refer to the non- light chain regions. 

covalent interactions of the type which occur between an An immunoglobulin light or heavy chain variable region 

immunoglobulin molecule and an antigen for which the comprises three hypervariable regions, also called comple- 

immunoglobulin is specific. The strength or affinity of 35 mentarity determining regions or CDRs, flanked by four 

immunological binding interactions can be expressed in relatively conserved framework regions or FRs. Numerous 

terms of the dissociation constant (K^) of the interaction, framework regions and CDRs have been described (see, 

wherein a smaller Kd represents a greater affinity. Immu- Kabat et al. Sequences of Proteins of Immunological 

nological binding properties of selected polypeptides can be Interest, U.S. Government Printing Office, NIH Publication 

quantified using methods well known in the art. One such 40 No. 91-3242 (1991); referred to herein as "Kabat and Wu"). 

method entails measuring the rates of antigen-binding site/ The sequences of the framework regions of different light or 

antigen complex formation and dissociation, wherein those heavy chains are relatively conserved. The CDR and FR 

rates depend on the concentrations of the complex partners, polypeptide segments are designated empirically based on 

the affinity of the interaction, and on geometric parameters sequence analysis of the Fv region of preexisting antibodies 

that equally influence the rate in both directions. Thus, both 45 or of the DNA encoding them. From alignment of antibody 

the "on rate constant" (K^) and the "off rate constant" (K^^) sequences of interest with those published in Kabat and Wu 

can be determined by calculation of the concentrations and and elsewhere, framework regions and CDRs can be deter- 

the actual rates of association and dissociation. The ratio of mined for the antibody or other ligand binding moiety of 

K^yK^„ enables cancellation of all parameters not related to interest. The combined framework regions of the constituent 

affinity and Ls thus equal lo the dissociation constant K^. 50 light and heavy chains serve to position and align the CDRs. 

(See, generally. Da vies et al. Ann. Rev. Biochem., 59: The CDRs are primarily responsible for binding to an 

439-473 (1990)). epitope of an antigen and are typically referred to as CDRl, 

As used herein, an "antibody" refers to a protein consist- CDR2, and CDR3, numbered sequentially starting from the 

ing of one or more polypeptides substantially encoded by N-terminus of the variable region chain. Framework regions 

immunoglobulin genes or fragments of immunoglobulin 55 are similarly numbered. 

genes. The recognized immunoglobuhn genes include the The general arrangement of T cell receptor genes is 

kappa, lambda, alpha, gamma, delta, epsilon and mu con- similar to that of antibody heavy chains, T cell receptors 

slant region genes, as well as myriad immunoglobulin (TCR) have both variable domains (V) and constant (C) 

variable region genes. Light chains are classified as either domains. The V domains function to bind antigen. There are 

kappa or lambda. Heavy chains are classified as gamma, mu, 60 regions in the V domain homologous to the framework CDR 

alpha, delta, or epsilon, which in turn define the immuno- regions of antibodies. Homology to the immunoglobulin V 

globulin classes, IgG, IgM, IgA, IgD and IgE, respectively. regions can be determined by aUgnment. The V region of the 

A typical immunoglobulin (antibody) structural unit is TCRs has a high amino acid sequence homology with the Fv 

known to comprise a letramer. Each letramer is composed of of antibodies. Hedrick et al.. Nature (London) 308:153-158 

two identical pairs of polypeptide chains, each pair having 65 (1984)). 

one "light" (about 25 kD or about 214 amino acids) and one The term CDR, as used herein, refers to amino acid 

"heavy" chairf (about 50-70 kD or about 446 amino acids). sequences which together define the binding affinity and 



5,980,895 

11 12 

Specificity of the natural variable binding region of a native positions in the numbering system used by Kabat and Wu are 

immunoglobulin binding site (such as Fv), a Tcell receptor identified: positions 43, 44, 45, 46, and 47 (group 1) and 

(such as and V^), or a synthetic polypeptide which positions 103, 104, 105, and 106 (group 2) of the heavy 

mimics this function. The term "framework region" or "FR", chain variable region; and positions 42, 43, 44, 45, and 46 

as used herein, refers to amino acid sequences interposed 5 (group 3) and positions 98, 99, 100, and 101 (group 4) of the 

between CDRs. light chain variable region. In some cases, some of these 

The "binding agents'* referred to here are those molecules positions may be missing, representing a gap in the align - 

that have a variable domain that is capable of functioning to ment. 

bind specifically or otherwise recognize a particular ligand Then, the nucleic acid sequences encoding the amino 

or antigen. Moieties of particular interest include antibodies lO acids at two of these identified positions are changed such 

and T cell receptors, as well as synthetic or recombinant that these two amino acids are mutated to cysteine residues, 

binding fragments of those such as Fv, Fab, F(ab')2 and the The pair of amino acids to be selected are, in order of 

like. Appropriate variable regions include V^, V^, V„ and decreasing preference: 

Vp and the like. V^4-Vil05 

Antibodies exist as intact immunoglobulins or as a num- 15 y /^4.v 99 

ber of well characterized fragments produced by digestion \/irin 

with various peptidases. Thus, for example, pepsin digests ' l » 

an antibody below the disulfide linkages in the hinge region V^105-V^43, 

to produce F(ab)'2, a dimer of Fab which itself is a light V^105-V^42, 

chain joined to V^C/^l by a disulfide bond. The F(ab)'2 may 20 V^^-V^lOl, 



be reduced under mild conditions to break the disulfide 



V^106-V^43, 



linkage in the hinge region thereby converting the (Fab')2 ^ \v\a\j a'x 

dimer into an Fab' monomer. The Fab' monomer is essen- /f^^" l^^-* 

tially an Fab with part of the hinge region. The Fv region is ^//45-V^98, 

the variable part of Fab; a V^V^ dimer (see, Fundamental 25 Vyy46-V^98, 

Immunology, W. E. Paul, ed.. Raven Press, New York V^103-V^43, 

(1993), for a more detailed description of other antibody V^103-yjr_44, 

fragments). While various antibody fragments are defined in ^ 103-V 45 

terms of the digestion of an intact antibody, one of sldU will Mosf preferably, substitutions of cysteine are made at the 

appreciate that such-fragments (e.g., Fv) may be synthesized 30 «osition^. 

de novo either chemically or by utilizing recombinant DNA ^ ^ BUdsfvVPE33)- 

methodology. Thus, the term antibody, as used herein also ^ ^ ' ^ ^ ^' 

includes antibody fragments either produced by the modi- V^-V^99 (see, e.g., PE35/e23(dsFv)KDEL); 

fication of whole antibodies or synthesized de novo using V^4-V^100; or 

recombinant DNA methodologies. Preferred antibodies 35 V^105-V^43. ^ 

include disulfide -stabilized antibodies, more preferably (The notation V^/t4-V^100, for example, refers to a 

disulfide -stabilized Fv (dsfv) antibodies in which a variable polypeptide with a having a cysteine at position 44 and 

heavy and a variable light chain are joined together by at a cysteine in at position 100; the positions being in 

least one disulfide linkage to form an intact Fv fragment. accordance with the numbering given by Kabat and Wu.) 

Practice of thLs invention preferably employs the Fv 40 Note that with the assignment of positions according to 

portions of an antibody oi* the V portions of a TCR. Other Kabat and Wu, the numbering of positions refers to defined 

sections, e.g., and Q, of native immunoglobulin protein conserved residues and not to actual amino acid positions in 

structure need not be present and normally are intentionally a given antibody. For example, CysLlOO (of Kabat and Wu) 

omitted from the polypeptides of this invention. However, which is used to generate ds(Fv)B3 as described in the 

the polypeptides of the invention may comprise additional 45 example below, actually corresponds to position 105 of 

polypeptide regions defining a bio active region, e.g., a toxin B3(V^). 

or enzyme, or a site onto which a toxin or a remotely In the case of and of T cell receptors, reference can 

delectable substance can be attached, as will be described also be made to the numbering scheme in Kabat and Wu for 

below. T cell receptors. Substitutions of cysteines can be made at 

B) Preparation of Fv Fragments 50 position 41, 42, 43, 44 or 45 of V^, and at position 106, 107, 

Information regarding the Fv antibody fragments or other 108, 109 or 110 of V^; or at position 104, 105, 106, 107, 108 

ligand binding moiety of interest is required in order to or 109 of V,^ and at position 41, 42, 43, 44 or 45 of Vp, such 

produce proper placement of the disulfide bond to stabilize positions being in accordance with the Kabat and Wu 

the desired disulfide stabiHzed fragment, such as an Fv numbering scheme for TCRs. When such reference is made, 

fragment (dsFv). The amino acid sequences of the variable 55 the most preferred cysteine substitutions are V„42-Vpll0 

fragments that are of interest are compared by alignment and V^108-Vp42. Vp positions 106, 107 and V^^^ positions 

with those analogous sequences in the well-known publica- 104, 105 are CDR positions, but they are positions in which 

tion by Kabat and Wu, supra, to determine which sequences disulfide bonds can be stably located, 

can be mutated so that cysteine is encoded for in the proper As an alternative to identifying the amino acid position 

position of each heavy and light chain variable region to 60 for cysteine substitution with reference to the Kabat and Wu 

provide a disulfide bond in the framework regions of the numbering scheme, one could align a sequence of interest 

desired polypeptide fragment. Cysteine residues are pre- with the sequence for monoclonal antibody (MAb) Bl, B3, 

ferred to provide the covalent disulfide bonds. For example, or B5 hybridomas of which have all been deposited with the 

a disulfide bond could be placed to connect FR4 of and American Type Culture Collection in Rockville, Md. with 

FR2 of V^; or to connect FR2 of and FR4 of V^. 65 designations of HB 10569, HB 10572, and HB 10573) as 

After the sequences are aligned, the amino acid positions described in U.S. Pat. No. 5,242,813, copending application 

in the sequence of interest that align with the following U.S. Ser. No. 07/767.331 filed on Sep. 30, 1991, copending 
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application U.S. Ser. No. 08/051,133, filed on Apr. 22, 1993, immunotoxins, V^, or Vjr is preferably linked to the 

copending application U.S. Ser. Nos. 08/331,391, 08/331, C-terminus of the toxin. 

397 and 08/331,396, all filed on Oct. 28, 1994, and by Peptide linkers, such as those used in the expression of 
Benharet al., C/m. Cancer Res., 1: 1023-1029 (1995). The recombinant single chain antibodies, may be employed to 
amino acid positions of B3 which correlate with the Kabat 5 link the two variable regions (V^ and V^, V„ and Vp) if 
and Wu positions set forth above for Group 1 are 43, 44, desired and may positively increase stability in some mol- 
45, 46, and 47, respectively; for Group 2 are 109, 110, 111, ecules. Bivalent or multivalent disulfide stabilized polypep- 
and 112, respectively. The amino acid positions of B3 which tides of the invention can be constructed by connecting two 
correlate with the Kabal and Wu positions set forth above or more, preferably identical, regions with a peptide 
for Group 3 are 47, 48, 49, 50 and 51, respectively; Group 10 linker and adding as described in the examples, below. 
4 are 103, 104, 105, and 106, respectively. Connecting two or more regions by linkers is preferred 
Alternatively,thesitesof mutation to the cysteine residues to connecting regions by linkers since the tendency to 
can be identified by review of either the actual antibody or form homodimers is greater with regions. Peptide linkers 
the model antibody of interest as exemplified below. Com- and their use are well-known in the art. See, e.g., Huston et 
putcr programs to create models of proteins such as anti- 15 al., Prvc. Natl Acad Sci. USA, supra; Bird el al.. Science, 
bodies are generally available and well-known to those supra; Glockshuber et al., supra; U.S. Pat. No. 4,946,778, 
skilled in the art (see Kabat and Wu; Loew, et al., InL J, U.S. Pat. No. 5,132,405 and most recently inStemmeret al., 
QuanL Chem,, Quanu Biol. Symp., 15:55-66 (1988); Biotechniques 14:256-265 (1993). 
Bruccoleri, et al.. Nature, 335:564-568 (1988); and Chothia, C) Various dsFv Fragment Molecules 
et al.. Science, 233:755-758 (1986)). Commercially avail- 20 It should be understood that the description of the dsFv 
able computer programs can be used to display these models peptides described above can cover all classes/groups of 
on a computer monitor, to calculate the distance between antibodies of all different species (e.g., mouse, rabbit, goat, 
atoms, and to estimate the likelihood of different amino human) chimeric peptides, humanized antibodies and the 
acids interacting (see, Ferrin, et al., J. Moi Graphics, 6: like. "Chimeric antibodies" or "chimeric peptides" refer to 
13-27 (1988)). For example, computer models can predict 25 those antibodies or antibody peptides wherein one portion of 
charged amino acid residues that are accessible and relevant the peptide has an amino acid sequence that is derived from, 
in binding and then conformationally restricted organic or is homologous to, a corresponding sequence in an anti- 
molecules can be synthesized. See, for example, Saragovi, et body or peptide derived from a first gene source, while the 
al.. Science, 253:792 (1991). In other cases, an experimen- remaining segment of the chain(s) is homologous to corre- 
tally determined actual structure of the antibody may be 30 sponding sequences of another gene source. For example, 
available. chimeric antibodies can include antibodies where the frame- 
A pair of suitable amino acid residues should (1) have a work and complementarity determining regions are from 
— -C^ distance between the two residues less than or equal different sources. For example, non- human CDRs are inle- 
to 8 A, preferably less than or equal to 6.5 A (determined grated into human framework regions linked to a human 
from the crystal structure of antibodies which are available 35 constant region to make "humanized antibodies," See, for 
such as those from the Brookhaven Protein Data Bank) and example, PCT Application Publication No. WO 87/02671 , 
(2) be as far away from the CDR region as possible. Once U.S. Pat. No. 4,8l6p67, EP Patent Application 0173494, 
they are identified, they can be substituted with cysteines, Jones, et 2\.,Nature, 321:522-525 (1986) and Verhoeyen, et 
The C„ — Cc distances between residue pairs in the modeled al.. Science, 239:1534-1536 (1988). Similarly, the source of 
B3 at positions homologous to those listed above are set up 40 can differ from the soiurce of V^, 
in Table 1, below. Particularly preferred binding agents are derived from 
Introduction of one pair of cysteine substitutions will be antibodies thai specifically recognize and bind to receptors 
suflBcient for most apphcations. Additional substitutions or other surface markers characteristic of cancer cells. Such 
may be useful and desirable in some cases. markers, and corresponding antibodies are well known to 
Modifications of the genes to encode cysteine at the target 45 those of skill and include, but are not limited to carcinoem- 
point may be readily accomplished by well-known bryonic antigen (CEA), the Uransferrin receptor (targeted by 
techniques, such as site-directed mutagenesis (see. Oilman HB21), the EOF receptor (targeted by TGFa), 
and Smith, Gene, 8: 81-97 (1979) and Roberts, et 2l\, Nature, P-glycoprotein, c-erbB2 (targeted by e23), Lewis^ carbohy- 
328:731-734 (1987)) by the method described in Kunkel, drate antigens (targeted by Bl, B3, B5, BR96, etc.), the IL-2 
Proc. Natl Acad. Sci. USA 82:488-492 (1985), or by any 50 receptor (targeted by anti-Tac), and antigens described in the 
other means known in the art. Abstracts of the Third International Conference on Mono- 
Separate vectors with sequences for the desired and clonal Antibody Immunoconjugates for Cancer (San Diego, 
sequences (or other homologous V sequences) may be Calif. 1988). 
made from the mutagenized plasm id. The sequences encod- D) Molecules Homologous to Antibody Fv Domains — ^T- 
ing the heavy chain regions and the light chain regions are 55 Cell Receptors 

produced and expressed in separate cultures in any manner This binding agents used in this invention can be derived 

known or described in the art, with the exception of the from molecules that exhibit a high degree of homology to 

guidelines provided below. If another sequence, such as a the antibody Fv domains, including the ligand -specific 

sequence for a toxin, is to be incorporated into the expressed V- region of the T-cell receptor (TCR). An example of such 

polypeptide, it can be linked to the or the sequence 60 an application is outlined below. The sequence of the 

at either the N- or C-terminus or be inserted into other antigen-specific V region of a TCR molecule, 2B4 (Becker 

protein sequences in a suitable position. For example, for et al., Nature (London) 317: 430-434 (1985)), was aligned 

Pseudomonas exotoxin (PE) derived fusion proteins, either against the Fv domains of two antibody molecules 

or should be linked to the N-terminus of the toxin or McPC603 (see below) and J539 (Protein Data Bank entry 

be inserted into domain III of PE, like for example TGFa in 65 2FBJ), using a standard sequence alignment package. When 

Theuer et al., J. Urol, 149: 1626-1632 (1993), or inserted the V„ sequence of 2B4 was aligned to the sequences of 

in place of domain lb of PE. For Diphtheria toxin -derived the two antibodies, the SI site residue, corresponding to 
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V//t4 of B3, can be identified as V„43S CPCR 42 in the 
numbering scheme of Kabaland Wu) and the S2 site residue, 
corresponding to V^lll of B3, as V„104Q (TCR 108 in the 
numbering scheme of Kabat and Wu). When the same V^^ 
sequence was aligned to the sequences of the two 5 
antibodies, the same residues, V^43S and V„104Q, can be 
identified, this time aligned to the residues corresponding to 
Vi48 and V^IOS of B3, respectively. Similarly, the 2B4 
residues- Vp42E and V^IOTP (TCR 42 and 110 in the 
numbering scheme of Kabat, et al.) can be aligned to lO 
antibody residues corresponding to and V^lll of B3 
and at the same time to V^48 and. 105 of B3. Therefore, 
the two most preferred interchain disulfide bond sites in this 
TCR are V„43-Vel07 and V^104-Vp42, Mutating the two 
residues in one of these pairs of residues into cysteine will i5 
introduce a disulfide bond between the a and p chains of this 
molecule. The stabilization that results from this disulfide 
bond will make it possible to isolate and purify these 
molecules in large quantities. 

II. Modified Toxins 20 

As indicated above, the preferred immuno toxins comprise 
a disulfide-stabilized binding agent joined to a Pseudomonas 
exotoxin modified (e.g. truncated) so that proteolytic cleav- 
age is not required for cytotoxic activity. As used herein, 
cytotoxic activity refers to the ability to kill a cell or to 25 
significantly reduce its growth or proliferation rate. 

The PE molecules of this invention are uniquely charac- 
terized by their increased cytotoxicity to target cells and 
increased antitumor activity when coupled with a disulfide- 
stabilized binding agent specific for the target cells. The 30 
increased cytotoxicity occurs in comparison to the use of 
native fusion proteins (comprising a PE that does require 
proteolytic cleavage) joined to a disulfide stabilized binding 
agent (see, e.g. commonly assigned U.S. Ser. No. 08/077, 
252, filed on Jun. 14, 1993, now U.S. Pat. No. 5,767,654) or 35 
in comparison to fusion proteins comprising a modified PE 
that does not require proteolytic activation fused to a single 
chain Fv (scFv) (sec, e.g. commonly assigned U.S. Ser. No. 
08/405,615, filed on Mar. 15, 1995, now U.S. Pat. No. 
5,602,095). 40 

Assays for determining cytotoxicity typically involve a 
comparison between the fusion protein comprising the sub- 
ject PE molecule and a disulfide-stabilized binding agent 
and a fusion protein comprising a reference PE molecule, 
e.g. PE40, joined to a disulfide-stabilized binding agent or 45 
conversely a modified PE molecule joined to a single chain 
Fv (scFv). The respective fusion proteins are then tested in 
cytotoxicity assays against cells specific for the binding 
agent. ICjqS (defined below) obtained may be adjusted to 
obtain a cytotoxicity index by adjusting the values such that 50 
the concentration of toxin that displaces 50% of labeled 
ligand from ligand receptors is divided by the IC50 of the 
recombinant toxin on cells bearing the ligand receptors. The 
cytotoxicity index for each PE molecule is then compared. 

PE molecules having corrected cytotoxicity indices of 55 
about 20 times or more, preferably about 60 times or more, 
and most preferably about 300 times or more, over PE40 or 
other PE molecules where no deletion of domain II has 
occurred are desired. A PE molecule lacking domain la may 
be expressed by plasmid pJH8 which expresses domains II, 60 
lb and III. Plasmid pJH8 is described in U.S. Pat. No. 
4,892,827 and is available from the American Type Culture 
CoUection (therefor) (ATTCC, 10801 University Boulevard, 
Manassas, Va. 20110-2209) as ATCC 67208. 

"ICjo" refers to the concentration of the toxin that inhibits 65 
protein synthesis in the target cells by 50%, which is 
typically measured by standard -leucine incorporation 



assays. Displacement assays or competitive binding assays 
are well known and described in the art. They measure the 
ability of one peptide to compete with another peptide for 
the binding of a target antigen. 

A preferred PE molecule is one in which domain la is 
deleted and no more than the first 27 amino acids have been 
deleted from the amino terminal end of domain II. I^is 
substantially represents the deletion of amino acids 1 to 279. 
The cytotoxic advantage created by this deletion is greatly 
decreased if the following deletions are made: 1-281; 
1-283; 1-286; and 314-380. It is surprising that the deletion 
of 27, but not 29, 31, 33 or 36 amino acids from the amino 
end of domain II results in increased toxic activity since this 
domain is responsible for the translocation of the toxin into 
the cytosol. 

In addition, the PE molecules can be further modified 
using site -directed mutagenesis or other techniques known 
in the art, to alter the molecule for particular desired 
application. Means to alter the PE molecule in a manner that 
does not substantially affect the functional advantages pro- 
vided by the PE molecules described here can also be used 
and such resulting molecules are intended to be covered 
herein. 

For maximum cytotoxic properties of a preferred PE 
molecule, several modifications to the molecule are recom- 
mended. An appropriate carboxyl terminal sequence to the 
recombinant molecule is preferred to translocate the mol- 
ecule into the cytosol of target cells. Amino acid sequences 
which have been foimd to be effective include, REDLK 
(SEQ ID NO:8) (as in native PE), REDL (SEQ ID N0:13) 
or KDEL (SEQ ID N0:9), repeats of those, or other 
sequences that function to maintain or recycle proteins into 
the endoplasmic reticulum, referred to here as "endoplasmic 
retention sequences". See, for example, Chaudhary et al, 
Proc, Natl Acad. Sci. USA 87:308-312 and Seetharam et al, 
y. Bioi Chem. 266: 17376-17381 (1991) and commonly 
assigned, U.S. Ser. No. 07/459,635 filed Jan. 2, 1990). 

Deletions of amino acids 365-380 of domain lb can be 
made without loss of activity. Further, a substitution of 
methionine at amino acid position 280 in place of glycine to 
allow the synthesis of the protein to begin and of serine at 
amino acid position 287 in place of cysteine to prevent 
formation of improper disulfide bonds is beneficial. 

As an alternative to deletion, domain lb can be substituted 
with the disulfide stabilized binding agent as described 
above and in Example 1. 
III. Protein Expression and Purification 

The fusion proteins of this invention can be produced 
according to a number of means well known to those of skill 
in the art. Where the disulfide-stabilized binding agent 
and/or the modified Pseudomonas exotoxin are relatively 
short (i.e., less than about 50 amino acids) they may be 
synthesized using standard chemical peptide synthesis tech- 
niques. Where both molecules are relatively short the chi- 
meric molecule may be synthesized as a single contiguous 
polypeptide. Alternatively the targeting molecule and the 
effector molecule may be synthesized separately and then 
fused by condensation of the amino terminus of one mol- 
ecule with the carboxyl terminus of the other molecule 
thereby forming a peptide bond. Alternatively, the targeting 
and effector molecules may each be condensed with one end 
of a peptide spacer molecule thereby forming a contiguous 
fusion protein. 

Solid phase synthesis in which the C-terminal amino acid 
of the sequence is attached to an insoluble support followed 
by sequential addition of the remaining amino acids in the 
sequence is the preferred method for the chemical synthesis 
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of the polypeptides of this invention. Techniques for solid 
phase synthesis are described by Barany and Merrifield, 
Solid-Phase Peptide Synthesis; pp. 3-284 in The Peptides: 
Analysis, Synthesis, Biology. Vol. 2; Special Methods in 
Peptide Synthesis, Part A., Merrifield, et al. J. Am. Chem. 
Soc, 85: 2149-2156 (1963), and Stewart et al.. Solid Phase 
Peptide Synthesis, 2nd ed. Pierce Chem, Co., Rockford, 111. 
(1984) which are incorporated herein by reference. 

In a preferred embodiment, the chimeric fusion proteins 
of the present invention are synthesized using recombinant 
DNA methodology. Generally this involves creating a DNA 
sequence that encodes the fusion protein, placing the DNA 
in an expression cassette under the control of a particular 
promoter, expressing the protein in a host, isolating the 
expressed protein and, if required, renaturing the protein. 

DNA encoding the fusion proteins (e.g. PE35/e23(dsFv) 
KJ)EL, Bl(dsFv)-PE33, etc.) of IhLs invention may be 
prepared by any suitable method, including, for example, 
cloning and restriction of appropriate sequences or direct 
chemical synthesis by methods such as the phosphotriester 
method of Narang et al. Meth. EnzymoL 68: 90-99 (1979); 
the phosphodiester method of Brown et al., Meth. Enzymol. 
68: 109-151 (1979); the diethylphosphortmidite method of 
Beaucage et al., Tetra, Lett., 22: 1859-1862 (1981); and the 
solid support method of U.S. Pat. No. 4,458,066, all incor- 
porated by reference herein. 

Chemical synthesis produces a single stranded oligo- 
nucleotide. This may be converted into double stranded 
DNA by hybridization with a complementary sequence, or 
by polymerization with a DNA polymerase using the single 
strand as a template. One of skill would recognize that while 
chemical synthesis of DNA is limited to sequences of about 
100 bases, longer sequences may be obtained by the ligation 
of shorter sequences. 

Alternatively, subsequences may be cloned and the appro- 
priate subsequences cleaved using appropriate restriction 
enzymes. The fragments may then be ligated to produce the 
desired DNA sequence. 

In a preferred embodiment, DNA encoding fusion pro- 
teins of the present invention may be cloned using DNA 
amplification methods such as polymerase chain reaction 
(PCR). Thus, for example, in a preferred embodiment, 
B1(V^)R44C DNA was PCR amplified, using primers that 
create a peptide linker (GGGGS SEQ ID NO:12) at the 5' 
end of along with a Bam HI, and another peptide hnker 
(e.g.KASGGPE SEQ ID NO: 11) at the 3' end along with a 
I lindlll restriction site. The resulting DNA was then used to 
replace domain lb of PE37 (pDF^) by site directed mutagen- 
esis to make pCTK104 encoding B1(V,/R44C)PE33. 

While the two molecules are preferably essentially 
directly joined together, one of skill will appreciate that the 
molecules may be separated by a peptide spacer consisting 
of one or more amino acids. Generally the spacer will have 
no specific biological activity other than to join the proteins 
or to preserve some minimum distance or other spatial 
relationship between them. However, the constituent amino 
acids of the spacer may be selected to influence some 
property of the molecule such as the folding, net charge, or 
hydrophobicity. 

Proteins of the invention can be expressed in a variety of 
host cells, including E. coliy and other bacterial hosts. The 
recombinant protein gene will be operably linked to appro- 
priate expression control sequences for each host. VorE. coli 
this includes a promoter such as the T7, trp, tac, lac or 
lambda promoters, a ribosome binding site, and preferably a 
transcription termination signal. For eukaryotic cells, the 
control sequences will include a promoter and preferably an 
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enhancer derived from immunoglobulin genes, SV40, 
cytomegalovirus, etc., and a polyadenylation sequence, and 
may include splice donor and acceptor sequences. The 
plasmids of the invention can be transferred into the chosen 

5 host cell by well-known methods such as calcium chloride 
transformation for E. coli and calcium phosphate treatment 
or electroporation for mammalian cells. Ce Us transformed 
by the plasmids can be selected by resistance to antibiotics 
conferred by genes contained on the plasmids, such as the 

10 amp, gpt, neo and hyg genes. 

Methods for expressing polypeptides and/or refolding to 
an appropriate folded form, including disulfide-stabilized 
binding agents and immunotoxins from bacteria such as E. 
coli have been described, are well-known and are applicable 

15 to the polypeptides of this invention. See, Buchner et al.. 
Analytical Biochemistry 205:263-270 (1992); Pluckthun, 
Biotechnology, 9:545 (1991); Huse, et z{.,Science, 246:1275 

(1989) and Ward, et al.. Nature, 341:544 (1989)). 

Often, functional protein from E. coli or other bacteria is 
20 generated from inclusion bodies and requires the solubili- 
zation of the protein using strong denaturants, and subse- 
quent refolding. In the solubilization step, a reducing agent 
must be present to dissolve disulfide bonds as is well-known 
in the art. An exemplary buffer with a reducing agent is: 0.1 
25 M Tris, pH8, 6M guanidine, 2 mM EDTA, 0.3 M DTE 
(dithioerythritol). Reoxidation of protein disulfide bonds can 
be effectively catalyzed in the presence of low molecular 
weight thiol reagents in reduced and oxidized form, as 
described in Saxena et al.. Biochemistry 9: 5015-5021 
(1970), and especially described by Buchner, et al,, Anal. 
Biochem., supra (1992). 

Renaturation is typically accomplished by dilution (e.g. 
100-fold) of the denatured and reduced protein into refold- 
ing buffer. An exemplary buffer is 0.1 M Tris, pH8.0, 0.5 M 
L-arginine, 8 mM oxidized glutathione (GSSG), and 2 mM 
EDTA. 

In a preferred modification to the single chain antibody 
protocol, the heavy and light chain regions of the disulfide- 

^ stabilized binding agent were separately solubilized and 
reduced and then combined in the refolding solution. A 
preferred yield is obtained when these two proteins are 
mixed in a molar ratio such that a molar excess of one 
protein over the other does not exceed a 5 fold excess. 

45 It is desirable to add excess oxidized glutathione or other 
oxidizing low molecular weight compounds to the refolding 
solution after the redox-shuffling is completed. 
Alternatively, the final oxidation could be omitted and the 
refolding canied out at pH 9.5. 

50 Once expressed, the recombinant proteins can be purified 
according to standard procedures of the art, including 
ammonium sulfate precipitation, affinity columns, column 
chromatography, and the like (see, generally, R. Scopes, 
Protein Purification, Springer- Ver lag. New York (1982) and 

55 Deutscher, M. P. Methods in Enzymology Vol. \S2: Guide to 
Protein Purification, Academic Press, Inc. New York 

(1990) ). In a preferred embodiment, folded disulfide- 
stabilized and immunotoxins are purified by sequential ion 
exchange (Q-Sepharose and Mono Q) followed by size 

60 exclusion chromatography on a TSK G3000SW (Toso Haas) 
column. Substantially pure compositions of at least about 90 
to 95% homogeneity are preferred, and 98 to 99% or more 
homogeneity are most preferred for pharmaceutical uses. 
Once purified, partially or to homogeneity as desired, the 

65 polypeptides should be substantially free of endotoxin for 
pharmaceutical purposes and may then be used therapeuti- 
cally. 
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IV. Bindino Affinity of dsFv Polypeptides a body cavity or into a lumen of an organ. Actual methods 
The imrnunotoxins of this invention are capable of spe- for preparing parenterally administrable compositions will 

cifically binding a target molecule. For this invention, a be known or apparent to those skilled in the art and are 

polypeptide specifically binding a ligand generally refers to described in more detail in such publications as Remington's 

a molecule capable of reacting with or otherwise recogniz- 5 Pharmaceutical Science, 15th ed.. Mack Publishing 

ing or binding a marker (e.g. antigen or receptor) on a target Company, Easlon, Pa. (1980). 

cell. An antibody or other polypeptide has binding affinity The compositions containing the present fusion proteins 

for a ligand or is specific for a ligand if the antibody or or a cocktail thereof (ix., with other proteins) can be 

peptide binds or is capable of binding the ligand as measured administered for therapeutic treatments. In therapeutic 

or determined by standard antibody-antigen or ligand- lO applications, compositions are administered to a patient 

receptor assays, for example, competitive assays, saturation suffering from a disease, in an amount sufficient to cure or 

assays, or standard immunoassays such as ELISA or RIA. at least partially arrest the disease and its complications. An 

This definition of specificity applies to single heavy and/or amount adequate to accomplish this is defined as a "thera- 

light chains, CDRs, fusion proteins or fragments of heavy peutically effective dose.** Amounts effective for this use 

and/or light chains, that are specific for the ligand if they is will depend upon the severity of the disease and the general 

bind the ligand alone or in combination. state of the patient's health. 

In competition assays the ability of an antibody or peptide Single or multiple administrations of the compositions 
fragment to bind a target molecule is determined by detect- may be administered depending on the dosage and fre- 
ing the ability of the peptide to compete with the binding of quency as required and tolerated by the patient. In any event, 
a compound known to the target molecule. Numerous types 20 the composition should provide a sufficient quantity of the 
of competitive assays are known and are discussed herein. proteins of this invention to effectively treat the patient. 
Alternatively, assays that measure binding of a test com- Among various uses of the recombinant fusion pro teias of 
pound in the absence of an inhibitor may also be used. For the present invention are included a variety of disease 
instance, the ability of a molecule or other compound to bind conditions caused by specific human cells that may be 
the target molecule can be detected by labelling the molecule 25 eliminated by the toxic action of the protein. One preferred 
of interest directly or the molecule be unlabelled and application is the treatment of cancer, such as by the use of 
detected indirectly using various sandwich assay formats. immunotoxins comprising disulfide -stabilized binding 
Numerous types of binding assays such as competitive agents that specifically target and bind tumor markers. Such 
binding assays are known (see, e.g., U.S. Pat. Nos. 3,376, binding agents include antibodies that bind antigens 
110, 4,016,043, and Harlow and Lane, A Lato- 30 (markers) found on cancer cells. Such targets are well 
ratory Manual, Cold Spring Harbor Publications, New York known to those of skill in the art and include, but are not 
(1988)). Assays for measuring binding of a test compound to limited to carcinoembryonic antigen (CEA), the transferrin 
one component alone rather than using a competition assay receptor (targeted by TGFa), P-glycoprotein, c-erbB2 
are also available. For instance, immunoglobulin polypep- (targe ted by e23),Lewis^ carbohydrate antigens (targeted by 
tides can be used to identify the presence of the binding 35 Bl, B3, B5, BR96, etc.) and antigens described in the 
ligand. Standard procedures for monoclonal antibody Abstracts of the Third International Conference on Mono- 
assays, such as ELISA, may be used (see, Harlow and Lane, clonal Antibody Immunoconjugates for Cancer (San Diego, 
supra). For a review of various signal producing systems Calif. 1988). 

which may be used, see, U.S. Pat. No. 4,391,904. Other applications include the treatment of autoimmune 

V. Pharmaceutical Compositions 40 conditions such as graft-versus-host disease, organ trans- 
The recombinant fusion proteins and pharmaceutical plant rejection, type I diabetes, multiple sclerosis, rheuma- 

compositions of this invention are particularly useful for toid arthritis, systemic lupus erythematosus, myasthenia 

parenteral administration, such as intravenous administra- gravis and the like caused by T and B cells. The ftision 

tion or administration into a body cavity or lumen of an proteins may also be used in vitro, for example, in the 

organ. The compositions for administration will commonly 45 elimination of harmful cells from bone marrow before 

comprise a solution of the PE molecule fusion protein transplant. The ligand binding agent portion of the fusion 

dissolved in a pharmaceutically acceptable carrier, prefer- protein is chosen according to the intended use. Proteins on 

ably an aqueous carrier. A variety of aqueous carriers can be the membranes of T cells that may serve as targets for the 

used, e.g., buffered saline and the like. These solutions are binding agent include CD2 (Til), CD3, CD4 and CD8. 

sterile and generally free of undesirable matter. These com- 50 Proteins found predominantly on B cells that might serve as 

positions may be sterilized by conventional, well known targets include CD 10 (CALLA antigen), CD19 and CD20. 

sterilization techniques. The compositions may contain CD45 is a possible target that occurs broadly on lymphoid 

pharmaceutically acceptable auxiliary substances as cells. These and other possible target lymphocyte antigens 

required to approximate physiological conditions such as pH for the binding agent are described in Leucocyte Typing III, 

adjusting and buffering agents, toxicity adjusting agents and 55 A. J. McMichael, ed., Oxford University Press, 1987. 

the like, for example, sodium acetate, sodium chloride. Those skilled in the art will realize that ligand binding 

potassium chloride, calcium chloride, sodium lactate and the agents may be chosen that bind to receptors expressed on 

like. The concentration of fusion protein in these formula- still other types of cells as described above, for example, 

tions can vary widely, and will be selected primarily based membrane glycoproteins or growth factor or hormone recep- 

on (luid volumes, viscosities, body weight and the like in 60 tors such as epidermal growth factor receptor and the like, 

accordance with the particular mode of administration VI. Transport of Antibodies into the Cytosol 

selected and the patient's needs. In another embodiment, this invention provides compo- 

Thus, a typical pharmaceutical composition for intrave- silions and methods for transporting antibodies into the 

nous administration would be about 0.1 to 10 mg per patient cytosol of the cell. The antibodies thus transported may be 

per day. Dosages from 0.1 up to about 100 mg per patient per 65 selected to bind to particular intracellular components (e.g. . 

day may be used, particularly when the drug is administered particular proteins in signal traasduclion systems, cyloskel- 

to a secluded site and not into the blood stream, such as into etal elements, particular target RNAs, and the like). The 
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bound antibodies can inhibit the normal activity of the target for domain lb of PE37, a truncated fonm of PE that contains 

molecule and can thus be used to selectively "knock out" only the portion of the toxin that undergoes translocation to 

particular intracellular functions. Depending on the antibody the cytosol. In particular, Bi(Vy^)R44C was inserted after 

target this may prove cytotoxic, or may simply alter the amino acid 364 of PE and the insert was preceded by a small 

activity of the cell. 5 flexible peptide linker GGGGS (SEQ ID NO: 12). Following 

Thus, for example, in one embodiment, the antibody the domain was another peptide, KASGGPE (SEQ ID 

or may specifically bind and inhibit an RNA transcription NO: 11) (C3 connector) (Brinkmann et aL, Proc. Natl Acad. 

product of an oncogene, thus preventing transformation of Sci. USA, 89; 3075-3079 (1992)), connecting the carboxyl 

the target cell. Alternatively, the antibody may simply act as terminus of to amino acid 395 of the Pseudomonas 

a label for detection of the particular intracellular component lo exotoxin. 

to which it binds. As shown in FIG. 1, the domain replaced amino acids 

Compositions for the intracellular delivery of the antibody 365 to 394 of PE37 and the domain was connected to the 

are preferably fusion proteins formed by joining a V^^ domain by a disulfide bond engineered into the frame- 

Pseudomonas exotoxin to an antibody fragment, more pref- work region, with cysteines introduced at position 44 of the 

erably to a V^^or a antibody fragment. The Pseudomonas is and position 105 of (Brinkmann et al., Proc, Natl. 

exotoxin is preferably truncated, but still includes a func- Acad. ScL USA, 90: 7538-7542 (1993)). The resulting 

tional translocation domain (domain II). recombinant immunotoxin, termed Bl(dsFv)-PE33, is 5 kDa 

In a preferred embodiment, the antibody is located in smaller than Bl(dsFv)PE38 or Bl(Fv)-PE38 (FIG. 1). In the 

domain II or III of the PE. Domain III, having the ADP toxin portion, cysteine 287 was changed to a serine to reduce 

ribosyiation activity must be inactivated (e.g., by truncation, 20 the chance of incorrect disulfide bond formation (Theuer et 

insertion of a foreign peptide sequence, or through complete al., J. UroL 149: 1626-1632 (1993)). 

elimination of domain) so that only antibody binding effects The construction of plasmids pDFl, which encodes PE37, 

are manifested. which starts at methionine followed by PE amino acids 

In a particularly preferred embodiment, the antibody 281-613 (a truncated form of PE that does not require 

variable domain, either heavy or light chain, should be 25 proteolytic activation), and pBlV^R44C-PE38 which 

located in domain II or III of a truncated PE which does not encodes the single-domain B1(V^)R44C-PE38 immuno- 

require proteolytic activation. Thus, for example, in Bliy^j) toxin have been described (Theuer et al,,7. Biol. Chem. 267: 

PE33, or PE35/e23(V^)KDEL, the insert is not removed 16872-16877 (1992), Benhar et ai. Clin. Cancer Res. 1: 

by proteolysis, but is translocated along with domain II and 1023-1029 (1995)). Sticky feet-directed mutagenesis 

III of PE. 30 (Clackson et al, Nucl Acids Res. 17: 10163-10170 (1989)) 

using uracil-containing pDF'l as a template was used lo 

EXAMPLES construct the expression plasmid encoding for Bl(V^) 

r 11 • I cr 1 . 11 . . i_ . . R44C-PE33, the component of the intramolecularly-inserted 

rhe followmg examples are offered to illustrate, but not j t- - . - \nAA^ i^xta 

, ,. ^. . • dsFv-mimunotoxm. The B1(V„)R44C DNA was PGR 

to limit the present mvention, ..^ j • i ^ oi\/ TiAAr^nr-no 

*^ 35 amplified using the plasmid pBlV^R44C-PE38 as a lem- 

P I plate and oligo primers Cril9 with 5'-phosphorylated 

P CT120. The forward PGR primer CT119: 

Preparation and Testing of Bl(dsFv)-PE33 5'-GGCAACGACGAGGC CGGCGCGGCCAACGGCG- 

GTGGCGGATCCGAGGTGCAGCTGGTG- 

Monoclonal antibody (MAb) Bl is a murine antibody 40 GAArCTGGA3' (SEQ ID N0:1) had sequences that are 

directed against Lewis^ (Le^ and related carbohydrate anti- identical to the DNA encoding for PE residues 356-364 and 

gens which are abundant on the surface of many carcinomas a peptide linker GGGGS inserted at the 5* end of and a 

(Pastanetal.,Cartcer/?ey. 51, 3781-3787 (1991)). MAb Bl BamHI site was created (underlined). The reverse PGR 

has been used to make both single-chain and disulfide- oligonucleotide primer CT120: 5'-GTCGCCGA 

stabilized Fv immunotoxins (Pastan et al.. Cancer Res. 51 , 45 G G A A CTCCGCGCCAGTGGGCTCGGGAC- 

3781-3787(1991),Benhar,etal.,P/t)r.£/ig., 7: 1509-1515 CTCCGGAAGCT I lTGC-3' (SEQ ID NO: 2) and 

(1995), and Benhar et al. Clin. Cancer. Res., 1: 1023-1029 sequences that are complementary to the DNA encoding for 

(1995)). These agents are capable of causing complete PE residues 395^3 and a Fv-toxin junction (connector) 

regressions of established xenografts in nude mice. inserted at the 3' end of and a Hindlll site was created 

To achieve the goal of developing a recombinant immu- 50 (underlined), 

notoxin that is small, stable and does not need proteolytic The PGR product was purified and annealed lo a uracil - 

processing, domain lb (amino acids 365-394) of PE37 (a containing single-stranded DNA prepared by the rescue of 

truncated form of PE [residues 280 through 613] that only pDFl phagemid with an M13K07 helper phage (Bio-Rad). 

contains the portion of the toxin that undergoes translocation The DNA was extended and ligated according to the MUTA- 

to the cytosol) was replaced with the fragment of MAb 55 GENE mutagenesis kit (Bio-Rad). Because the annealing 

Bl linked to the domain with a disulfide bond (FIG. 1). efficiency of the PGR fragment to the single -stranded tem- 

As illustrated herein, the resulting molecule, Bl(dsFv)-PE33 plate and the mutagenesis efificiency were low (-10%), the 

is more active than any previous MAb Bl containing DNA pool used in the mutagenesis reaction was digested 

immimotoxins. with a restriction endonuclease which cuts an unique site in 

A) Construction of Plasmids for Expression of Bl(dsFv)- 60 domain lb region but not in Bl(Vff). This extra digestion 

PE33 step increased the mutagenesis efficiency to more than 50%, 

In order to construct an active recombinant immunotoxin Correct clones were identified by DNA restriction analy- 

that was smaller than the current generation of recombinant sis and verified by DNA sequencing. The resulting immu- 

immunotoxins and that did not need intracellular proteolytic notoxin clone was named pBl(Vy^)R44C-PE33 or 

cleavage for activation, the antibody fragment Bl(dsFv) was 65 pCTK104, which encodes a single-domain Bl(V^) immu- 

inserted between domains II and III of a Pseudomonas notoxin in which the domain is replaced for the domain 

exotoxin. This was accomplished by substituting Bl(dsFv) lb region (amino acids 365 to 394) of PE37. The plasmid 
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pBlV;_A105CSTOP encodes B1(VJA105C, which is a 
component of dsFv-immunotoxin as described previously 
(Benhar, et al. Clin. Cancer Res., 1: 1023-1029 (1995)). 
B) Production of Recombinant Immunotoxin 

The components of the disulfide-stabilized immunoloxins 
B1(V„)R44C-PE38, Bl(V^)R44C-PE33, B1(VJA105C, or 
single-chain immunotoxin Bl(Fv)-PE38 were expressed in 
separate £. coli BL21(XDE3) (Studier, et al., J. Mol. BioL, 
189; 113-130 (1986)) cultures harboring the corresponding 
expression plasmid. All recombinant proteins accumulated 
in inclusion bodies. Disulfide stabilized immunoloxins were 
obtained by mixing equimolar amounts of solubilized and 
reduced inclusion bodies essentially as described (Reiter et 
ah. Cancer Res,, 54: 2714-2718 (1994)), except that the 



than Bl(dsFv)-PE38 which requires processing proteolysis. 
To analyze whether the cytotoxicity of Bl(dsFv)-PE33 was 
specific, competition experiments were carried out with an 
excess of MAb Bl. 
5 The resulting data showed that the intoxication of A431 
carcinoma cells by Bl(dsFv)-PE33 was due to the specific 
binding to the Bl antigen, since its cytotoxicity was blocked 
by excess MAb Bl. B1(V^)-PE33 that was not associated 
with light chain was also tested and it proved to be about 
10 10-fold less cytotoxic (IC50 2 ng/ml on A431 cells) than 
Bl(dsFv)-PE33 (Table 1) indicating the heavy chain has a 
large role in antigen binding. However, a related single- 
domain immunotoxin B3(V^)-PE38) which requires pro- 
teolytic processing for activation was much less active with 



final oxidation step was omitted and refolding was carried 15 an IC50 of 40 ng/ml on A431 cells (Brinkmann et ah, J. 



out at pH 9.5. Properly folded disulfide-stabilized and 
single-chain immunoloxins were purified by sequential ion 
exchange (Q-Seph arose and Mono Q) followed by size 
exclusion chromatography on a TSK G3000SW (Toso Haas) 
column. 

The proteins obtained were over 95% homogeneous and 
had the expected molecular mass of 59 kDa on SDS-PAGE. 
In the presence of the reducing agent p-mercaptoethanol, the 
dsFv-immunotoxin, Bl(dsFv)-PE33, was reduced into two 
species; one is B1(VL105Q and the other is B1(V^)-PE33. 
The apparent molecular weights of these components are 13 
kDa and 46 kDa, respectively. The single-domain Bl(V^)- 
PE33 immunotoxin was also made and purified. The yield of 
either Bl(dsFv)-PE33 or B1(V^)-PE33 was 8-10% of the 
protein pre.sent in inclusion bodies. 
C) Cytotoxic Activity of Bl(dsFv)-PE33 Toward Bl-antigen 
Expressing Cell Lines 

The cytotoxicity of Bl(dsFv)-PE33 was determined by 



Immunol. 150, 2774-2782 (1993)). 
D) Antigen Binding of Bl(dsFv)-PE33 

To determine whether the improved cytotoxicity of 
Bl(dsFv)-PE33 was due to improved binding or some other 
20 factor, the antigen binding afifinity of Bl(dsFv)-PE33 on 
antigen -positive cells (e.g., A431 cells) determined by com- 
petition assays, in which increasing concentrations of each 
immunotoxin competed for the binding of (^^I)-Bl-IgG to 
A431 ceUs at 4^ C. Bl IgG, Bl(dsFv)-PE38, Bl(dsFv)-PE33 
25 and B1(V^)-PE33 competed for the binding of (^"l)-Bl- 
IgG to A431 cells by 50% at 40 mM, 2 mM, 3.5 mM, and 
25 mM, respectively. Thus, the binding affinity of Bl(dsFv)- 
PE33 was slightly less than Bl(dsFv)-PE38 suggesting that 
the improved cytotoxicity was not due to improved binding, 
30 but rather that elimination of the requirement for proteolytic 
activation was responsible for the improved cytotoxicity. 
The single -domain inmunotoxin B1(VH)-PE33 exhibited a 
10-fold lower binding affinity relative to the dsFv- 
immunotoxins consistent with its diminished cytotoxicity 



measuring the reduction in the incorporation of ( H)-leucine 

by various human cancer cell lines after treatment with 35 (Table 1). 

immunotoxin (Kuan et al. X Biol Chem., 269: 7610-7616 E) Stability of Bl(dsFv)-PE33 

(1994)). Bl(dsFv)-PE38 and B1(V^)-PE33 (no light chain) Thermal stability of the immunotoxins was determined by 

were included for comparison. Table 1 shows that all three incubating them at 100 /ig/ml in PBS at 37° C. for 2 or 8 

proteins are cytotoxic to cells expressing Bl antigen (e.g. hours, followed by analytical chromatography on a TSK 

A431,MCF7,CRL1739, and LNCaP) but not to cells that do 40 G3000SW (Toso Haas) column to separate the monomers 



not bind MAb Bl (e.g. L929 and HUT102). 

TABLE 1 

Cytotoxicity of Bl unmunotoxins toward vanous cell lines. 









Cytotoxicity^ IC<n na/ml 








Bl 


Bl 


Bl 






Antigen"* 


(dsFv) 


(dsFV) 


(v„) 


Cell Line^ 


Cancer type 


Expression 


PE38 


P33 


PE33 


A431 


epidermoid 


+++ 


0.5 


0.25 


2.0 


MCF7 


breast 


+++ 


0.9 


0.35 


4.0 




carcinoma 










CRL3739 


gastric 


+++ 


0.4 


0.31 


N.D."* 


LNCaP 


prostate 


+ 


7.0 


3.3 


N.D." 


HUT102 


T-cell 




>J000 


>1000 


>1000 




leukemia 










L529 


mouse 




>1000 


>1000 


>1000 




fibroblast 











'Cytotoxicity data are given as IC50 values, where [C50 is the concentration 



from larger aggregates (Reiter et al Protein Eng., 7: 
697-704 (1994)). Relative binding aflfinties of the immuno- 
toxins were determined, by adding ^^^I-labeled Bl-IgG to 
10^ A431 cells as a tracer with various concentrations of the 
45 competitor. The binding assays were performed at 4** C. for 
2 h in RPM! containing 1% bovine serum albumin and 50 
mM MES (Sigma) as described (Batra et al., Proc. Natl 
Acad. Sci. USA 89: 5867-5871 (1992)). 

Both Bl(dsFv)-PE33 and Bl(dsFv)-PE38 were mono- 
mers before incubation in PBS at 37** C. and remained 
monomeric for 2 or 8 hrs. In contrast, the single-chain 
immunotoxin Bl(Fv)PE38 formed>60% aggregates after an 
8 hr incubation at 37° C. (Table 2, see also et al, Clin. 
Cancer Res,, 1: 1023-1029 (1995)). Following the 8 hr 
incubation at 37° C, Bl(dsFv)-PE33 and Bl(dsFv)-PE38 
retained almost all its initial cytotoxic activity as before 
incubation, while Bl(Fv)-PE38 lost 75% of its cytotoxic 
activity. Thus, both Bl(dsFv)-PE38 and Bl(dsFv)-PE33 are 
extremely stable at 37® C. presumably because they do not 



50 



55 



of immunotoxin that causes a 50% inhibition of protein synthesis after a 20 j^^^ denature and aggregate as do the ScFV immunotOX 
hour mcubation with the immunotoxm. . ° 

ms. 



^All of the cell lines except 1929 arc of human origin, 
^e level of antigen is marked +++, + and - for strong, medium and no 
delectable expression respectively. 
''Not determined. 



F) Toxicity and Antitumor Activity in Nude Mice 

The single dose mouse LD50 was determined using 
female BALB-c mice (6-8 weeks old -20 gm) which were 
In this assay, Bl(dsFv)-PE33 had an IC50 of 0.25 ng/ml on 65 given a single i.v. injection of difiTerent doses of Bl(dsFv) 
A431 cells and 0.35 og/ml on MCF7 cells. Bl(dsFv)-PE33 PE38 or Bl(dsFv)PE33 diluted in 200^1 of PBS-HSA. Mice 
was more active to all antigen-positive cell lines in this study were followed for two weeks after injection. Athymic (Nu- 



5M 

25 

Nu) mice, female 6-S wee'.cs old -20 gm, were injected 
subcutanebusly on day 0 with 3x10* A431 cells suspended 
in RPMI medium without FBS. By day 5, Uimors were about 
50 to 70 mm^ in size. Mice were treated on days 5, 7, and 
9 by i.v. injections of different doses of immunotoxins 
diluted in PBS-HSA. Tumors were measured with a caliper 
and the tumor volumes were calculated using the formula: 
volume=(length)x(width)^x(0.4). 

The LD50 of both immunotoxins was found to be 0.5 
mg/kg. The toxicity is the same as the LD50 value deter- 
mined for the Bl(Fv)-P[:38 as well as other anti-Le^ 
Fv-immunotoxins (Reiter ci al. Cancer Res., 54: 2714-27 
(1994)). The results show that even though the immunotoxin 
is more active to target cells because it does not require 
proteolytic activation, it is not more toxic to mice. This 
toxicity in mice is presumed to be due to non-specific uptake 
by the liver (Keritman et al.. Blood, 83: 426-434 (1994). 
G) Improved Antitumor Activity of Bl(dsFv)-PE33 

To determine whether the improved cytotoxicity in vitro 
is accompanied by an increase io antitumor activity, 
Bl(dsFv)-PE33 and Bl(dsFv)-PE38 were compared by 
assessing their ability to cause regressions of established 
human carcinoma xenografts in nude mice. Nude mice 
received 3x10^ A431 cells subcutaneously on day 0. Five 
days later, when tumors averaged 50-70 mm^ in volume, the 
mice were treated with three i.v. injections on days 5, 7, and 
9 of various doses of immunotoxin. Control mice were 
treated with PBS-HSA only. 

As shown in FIG. 4, both immunotoxins demonstrated 
significant dose -dependent anti-tumor activity. Bl(dsFv)- 
PE38 caused only partial regression of A431 tumors at the 
6.5 /^g/kg (100 pmoie/kg) dose level, whereas Bl(dsFv)- 
PE33 at the same 100 pmole/kg (6 ^wg/kg) dose caused 
complete disappearance of the tumors (FIG. 4). 
Furthermore, the tumors treated with 200 pmole/kg (13 
/ig/kg) Bl(dsFv)-PE38 regressed completely after the third 
injection but regrew within a few days whereas 200 pmole/ 
kg Bl(dsFv)-PE33 caused complete regressions that lasted 
over one month in 5 out of 5 animals. These results indicate 
that Bl(dsFv)-PE33 has significantly better antitumor activ- 
ity than Bl(dsFv)-PE38. Hence, the improved cytotoxicity 
in vitro correlates with the improved antitumor activity in 
animals. 

Since both Bl(dsFv).PE33 and Bl(dsFv)-PE38 have the 
same toxicity in mice, the PE33 version has a larger thera- 
peutic window. The effective dose causing complete remis- 
sions in nude mice is 2.5% of the mouse LDjo- This makes 
Bl(dsFv)-PE33 a good candidate for clinical development 
as an anti-cancer agent. The improved antitumor activity of 
Bl(dsFv)-PE33 over Bl(dsFv)-PE38 is a consequence of 
better cytotoxicity in vitro, due to lack of a requirement for 
proteolytic activation and smaller size for better tumor 
penetration. Since the efiiciency of proteolytic activation can 
vary in different types of cells, this new type of recombinant 
immunotoxin will prove more useful than the previous 
generation of molecules which require proteolytic activa- 
tion. 

In the foregoing experiments, the Bl dsFv fragment was 
inserted between the translocation domain and ADP- 
ribosylation domain of PE, replacing domain lb. In fact, it is 
also possible to delete a portion of domain II (amino acids 
343-364) without loss of activity. In addition, analyses of 
the proposed structure of Bl(dsFv)PE33 using computer 
graphics shows that the domain lb region is a good location 
for insertion of dsFv fragment because the CDRs should still 
be free to interact with antigen. The results in the foregoing 
experiments indicate that the presence of Bl(dsFv) in this 
region only minimally affected antigen binding to A431 
cells. 
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Example 2 

Preparation and Testing of PE35/e23(dsFv)KDEL 

In order to construct an active recombinant immunotoxin 

^ that was smaller than the current generation of recombinant 
immunotoxins and that did not need intracellular proteolytic 
cleavage for activation the e23(dsFv) antibody fragment was 
inserted near the carboxyl terminus of PE35KDEL, a trun- 
cated form of PE that contains only the portion of the toxin 
that undergoes translocation to the cytosol (FIG. 2). 
A) Construction of Plasmids 

All plasmids listed in FIG. 3 use an isopropyl-l-thio-p- 
D-galactopyranoside-inducible T7 promoter expression sys- 
tem (Studier & Moffatt 7. Mol. BioL 189, 113-130 (1986)). 
Plasmid pCT12 encodes for a protein, termed PE35/ 

15 TGFoKDEL, starting with a Met at position 280 of PE and 
amino acids 281 to 364 and 381 to 607 with a gene encoding 
TGFa inserted between amino acids 607 and 604 of PE, and 
the amino acids KDEL are substituted for the carboxyl- 
terrainal REDLK sequence of PE (Theuer et al., J. Urol, 

20 149: 1626-1632 (1993)). Plasmid pYR39, encoding e23 
(V^Cys44)-PE38KDEL, is the expression plasmid for the 
V^-Toxin components of the dsFv-immunotoxin e23(dsFv)- 
PE38KDEL (Reiter et al., J. Biol. Chem,, 269: 18327-18331 
(1994)), Plasmids pCTKlOl and pCTK103 encoding PE35/ 
e23(V^Cys44)KDEL and PE35/e23(V^Cys4^) are the 
expression plasmids for the Toxin-V^ components of the 
dsFv-immunotoxin PE/e23(dsFv)KDEL. They were con- 
structed by cloning the StuI-EcoRI digested PCR fragments 
into StuI-EcoRI restriction sites in pCT12. The PCR reac-. 
tions were carried out using 10 ng of pYR39 as template and 

^0 100 pmoles of primers 

5'-AAACCGAGGCCTTCCGGAGGTGGTGG 
ATCCGAAGTGCAGCTGCAGGAGrCAGGA-3' (SEQ 
ID N0:3) .and 5'-TTAGCA GCCGAATTCTTA- 
GAGCTCGTCTTTCGGCGGTTTGCCGGAG- 

35 GAGACGGTGACCGT GGTCCCTG-3' (SEQ ID N0:4) 
for PE35/e23(V^ys44)KDEL or 5'-AAACCGA GGCCT- 
TCCGGAGGTGGTGGATCCGAA 
GTGCAGCTGCAGGAGTCAGGA-3' (SEQ ID N0:5) and 
5'-GATCGCTCGGAATTCTTAGGAGACG GTGAC- 

40 CGTGGTC CCTGC-3' (SEQ ID N0:6) for PE35/e23 
(VyyCyS44)- llie protein encoded by pCTKlOl is a single - 
domain immunotoxin in which t.^^(V ^^Cys^^) was 
introduced between residue 607 of PE followed by a peptide 
linker SGGGGS and residue 604 to 608 and KDEL. The 

45 protein encoded by pCTK103 was the same as pCTKlOl 
encoded protein except without amino acid 604 to 608 and 
KDEL. 

Plasmid pYR40 encodes e23(V^Cys99), the compo- 
nent of the dsFv-immunotoxin (Reiter et al., J. Biol Chem. 

50 269, 18327-18331 (1994)), while pCTK102 encodes e23 
(Vj, Cys95>) fused to PE amino acids 604-608 and carboxyl 
terminal sequences KDEL. This plasmid was constructed by 
subcloning a Ndel-EcoRI digested PCR product, which used 
pYR40 as template and T7 promoter primer as well as 5' 

55 -TTAGCAGCCGAATTCTTAGAGCTCGTCTTTCGGC 
GGTTTGCCGGAGGAGACG GTGACCGTGGTCCCTG- 
3' (SEQ ID N0:7) as primers, into Ndel-EcoRI restriction 
sites found in pYR40. Positions of cysteine replacement in 
framework region of e23(Fv) are Asn**^— *Cys in Vy^ and 

60 Gly^^-*Cys in were described previously (Reiter et al., 
J. Biol Chem. 269: 18327-18331 (1994)). All plasmids 
were confirmed by DNA sequencing. 

The rather than the was inserted near the carboxyl 
terminus of PE35KDEL, since PE35/e23(VH)KDEL 

65 (unattached to V^) is less soluble and more likely to pre- 
cipitate than PE35/e23(Vjr)KDEL not attached to 
(Brinkmann et al., J. Immunol, 150: 2774-2782 (1993); 
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Reiter et a!., Biochem., 33: 5451-5459 (1994)). The disulfide 

bond forms between cysteines introduced at position 44 of TABI^E 2 

the and position 99 of V^^^ (Reiter et al., J. Biol Chem., 
269: 18327-18331 (1994)). In the toxin portion, cysteine 
287 was changed to a serine to reduce the chance of ^ Cytotox icity' IC.» ng/ml 

incorrect disulfide bond formation (Theueretal., 7. t/ro/., , p^35^^23 

149: 1626-1632 (1993); FIG. 2). The location chosen for 
e23 (V^/ryS44) insertion was after amino acid 607 of PE 
and it was preceded by a small peptide linker SGGGGS jq 
(SEO ID NO: 10). Following the domain are amino acids 
604-608 and KDEL(SEQ ID N0:9) (FIG. 1). A diagram of 

this molecule, PE35/e23(dsFv)KDEL (I) is shown in FIGS. 'Cytotoxicity data arc given as IC50 values, where IC50 is the concentration 

2 and 3 °^ immunotoxin that causes a 50% inhibition of protein synthesis after a 20 

15 hour incubation with the immunotoxin. 

B) Production of Recombinant Proteins *rhc level of antigen is marked +++, + and - for strong, medium and no 



Cytotoxicity of e23 immuno toxins towards various cell lines. 





Cancer 


Expres- 


PE38- 


PE38- 


(dsFv) 


Cell Line 


type 


sion 


KDEL 


KDtiL 


KDUL (I) 


N-87 


gastric 


+++ 


0.5 


0.1 


0.8 


A431 


epidermoid 


+ 


2.9 


hO 


3.0 


Hutl02W 


leukemia 




>]00D 


>1000 


>1(HH) 



The components of the disulfide-stabilized immunotoxins 



detectable expression respectively. 



PE35/e23(V,^Cys44)KDEL, PE35/e23(V^Cys44), e23 erbB2 (e.g. N87 and A431) but not to cells (e.g. HUT-102) 

(V^ys44)-PE38KDEL, e23(V^Cys5,^), and e23(V^Cys^) ^^.1?° ^1?,^,?!^/^^ ^^i, 

T^rVr^T • , u ■ • ^ ^ / -V^^ _ e23(dsFv)KDEUn had an IC^n of 0.8 ng/ml on N87 celk. 

KDEL or smgle-cham immunotoxins were produced m 20 ^^V"^^ v^^^^v ""^ ^" *^5o "S^^' * 

* r I- r»T /c* j- s> ce t Ti4 t Although its activity IS less than the two other molecules 

^parate £. coh BL21(1DE3) (Studier & Moffatt J. Moi (ic,, of 0.5 ng/ml for e23(scFv)-PE38KDEL and 0.1 ng/ml 

Biol, 189: 113-130 (1986)) cultures hari>onng the corre- e23(dsFv)-PE38KDEL), it is still extremely active, 

spondmg expression plasmid (See FIG. 3). All recombinant d) Improved Stability of Immunotoxin PE35/e23(dsFV) 

proteins accumulated in inclusion bodies. Properly folded KDEL (I) 

disulfide stabilized immunotoxins were obtained by mixing ^ Thermal stability of the immunotoxins was determined by 

equimolar amounts of solubilized and reduced inclusion incubating them at 100 /ig/ml in PBS at 37° C. for 2 or 8 

bodies essentially as described (Reiter et al.. Cancer Res., hours, foUowed by analytical chromatography on a TSK 

54: 2714-2718 (1994)), except that the final oxidation step G3000SW (Toso Haas) column to separate the monomers 

was omitted and refolding was carried out at pH 9.5. ^^'"^^ ^^P/ aggregates. PE35/e23(dsFv)KDEL 

^0 (I) was a monomer before incubation in PBS at 37 C. and 

As shown m FIG. 3, PE35/e23(dsFv)KDEL (I) was pro- remained monomeric for 2 or 8 hrs. In contrast, the single- 

duced by mixing PE35-e23(V,,Cys44)KDEL and e23 chain immunotoxin e23(Fv)PE38KDEL formed 30% aggre- 

(V^CySgp); PE35/e23(dsFv)KDEL (II) was produced by gates and 25% dimers after an 8 h incubation at 37° C. 

mixing PE35-e23(V^Cys44) and e23(V^Cys99)KDEL; Following the 8 h 37° C. treatment, PE35/e23(dsFv)KDEL 

PE35/e23(dsFv)KDEL (II!) was produced by mixing PE35- 35 (I) retained almost the same cytotoxic activity as before 

e23(V^Cys44)KDEL and e23(V^Cys95,)KDEL; PE35/e23 treatment, while e23(Fv)PE38KDEL had an IC50 of 3.1 

(dsFv) (IV) was produced by mixing PE35-e23(V^ys44) ng/ml on N-87 cells, which is only 16% of its cytotoxic 

and e23(V^Cys99), The immimotoxins were purified by activity before treatment. This result indicates that the 

refolding of inclusion bodies in a redox-shuffling buffer. purified PE35/e23(dsFv)KDEL like e23(dsFv)-PE38KDEL 

Properly folded disulfide-stabilized and single-chain immu- 40 (Reiter et al.. Protein Eng., 7: 697-704 (1994)) is very stable 

notoxins were purified by sequential ion exchange and has a low propensity to aggregate. 

(Q-scpharose and Mono Q) followed by size exclusion E) Antigen-binding Analysis of PE35/e23(dsFv)KDEL (I) 

chromatography on a TSK G3000SW (Toso Haas) column. ^o investigate the reason for the decreased cytotoxicity of 

^ . . ^ ^ ^ PE35/e23(dsFv)KDEL (I), its antigen binding affinity on 

Tlieprotems obtained were over 95% homogene^^^^ antigen-^sitive ceUs (e.g., N87 cells) was analyzed by 

had the expected molecular mass on SDS-PAGE (60 kDa). competition assays in which increasing concentrations of 

In the presence of the reducmg agent b-mercaptoethanol, the ^^^^ immunotoxin were present to compete for the binding 

dsFv-immunotoxin, PE35/e23(dsFv)KDEL (I) was reduced [^^5l]-e23-IgG to N87 cells at 4° C. The e23 IgG, 

into two species; one was e23(ViCys99) and the other was e23(dsFv)-PE38KDEL, and PE35/e23(dsFv)KDEL com- 

a single-domain toxin PE35/e23(V^Cys44)KDEL. The 50 peted for the binding of ['^I]-e23 IgG to N87 cell by 50% 

apparent molecular weights of these components was, as at 4 nM, 140 nM and 500 nM, respectively. ^Hius, the 

expected, 13 kDa and 47 kDa, respectively. binding affinity of PE35/e23(dsFv)KDEL (I) is 4-fold less 

C) Specific Cytotoxic Activity of PE35/e23(dsFv)KDEL than e23(dsFv)-PE38KDEL on N87 cells. Hence, the lower 

Toward e23-antigen Expressing Cell Lines cytotoxicity of PE35/e23(dsFV)KDEL (I) is associated with 

Tlie cytotoxicity of PE35/e23(dsFv)KDEL was deter- a lower binding affinity. As previoi^ reported 

. . . . J • .u • c e23IgG had a higher apparent affinity than e23(dsFv) 

mined by measuring the reduction in the incorporation of dciot^t^ci u- if- 1 * /o -L ^* 1 t oJ 

r^.t-i 1 ' L ■ u 11 1- r . PE38KDEL which is monovalent (Reiter et al., J. Biol 

[*H]-leucine by various human cancer cell lines after treat- chem 269* 18327-18331 (1994)) 

ment with serial dilutions of the immunotoxin in PBS p) Importance of the Position of KDEL (SEO ID NO :9) for 

containing 0.2% HSA as described previously (Kuan el al., Cytotoxicity 

J. Biol Chem., 269: 7610-7616 (1994)). e23(scFv)- In PE35/e23(dsFv)KDEL (I), the KDEL (SEQ ID N0:9) 

PE38KDEL and e23(dsFv)-PE38KDEL were included for the same polypeptide chain as the toxin moiety. The 

comparison. Table 2 shows that a comparison of the activity KDEL sequence is considered to mediate transport of the 

of the immunotoxin PE35-e23(dsFv)KDEL (I) and the other toxin moiety of the immunotoxin to the ER where it can 

two reference molecules, e23(scFv)-PE38KDEL and e23 65 translocate. To address whether it was important to have the 

(dsFv)-PE38KDEL, indicates that all three proteins are KDEL (SEQ ID N0:9) sequence on the C-terminus of the 

cytotoxic to cells expressing toxin, or whether it could be attached to the C-terminus of 
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the Vj^ which is attached to V^PE35 by a disulfide bond 
molecules were constructed having KDEL (SEQ ID N0:9) 
on instead of the toxin, with KDEL (SEQ ID N0:9) 
on both the V^toxin and the and with KDEL (SEQ ID 
NO:9) on neither (FIG. 2). ITiese were termed PE35/e23 
(dsFv)KDEL II-IV (Table 3 and FIG. 2). Table 2 shows that 
for the recombinant toxin to inhibit protein synthesis on 
target cells, it is 



TABLE 3 



Comoarison of four different tvoes of ?E35!t23(dsFv)KDEU 




Activity^ 


Relative binding*-^ 


Construct 


ICsa (ng/ml) 


(nM) 


PE35/e23(dsFv)KDEL(I) 


0.8 


500 


PE35/e23(dsFv)KDElXlI) 


1000 


400 


PE35/c23(dsFv)KDEL(rV) 


1.2 


530 


PE35/e23(dsFV)(IV) 


>iaoo 


610 



* Cytotoxicity and binding assays were measured on N-87 cell line. 

^The concentration of competitor which caused 50% inhibition of the binding 

of ^^*I-e23 IgG. The composition of I-IV are shown in FIG. 2. 



important to have the KDEL (SEQ ID N0:9) on the same 
polypeptide as the toxin moiety. If no KDEL(SEQ ID NO:9) 
is present, toxicity is lost. If KDEL (SEQ ID N0:9) is on the 
Vjr domain, cytotoxicity is also lost. The presence of KDEL 
(SEQ ID N0:9) on in addition to V^toxin does not 
change cytotoxic activity. Thus the KDEL (SEQ ID NO:9) 
sequence must be on the same polypeptide chain as the 
toxin. 

G) Relative Binding AfiSnities 

Relative binding affinities of the immunotoxins were 
determined by adding ^^^I-labeled e23IgG to 10^ N87 cells 
as a tracer with various concentrations of the competitor. 
The binding assays were performed at 4° C. for 2 h in RPMI 
containing 1% bovine serum albumin and 50 mM MES 
(Sigma) as described (Batra et al. Proc. Natl. Acad. ScL 
USA, 89: 58678-5871 (1992)). Table 3 shows that there is 
very little difference in binding afSnities among the four 
molecules. Thus the differences in cytotoxicities can be 
attributed to the location of the KDEL (SEQ ID NO:9) 
sequence on the toxin molecules. 

Example 3 

Cytotoxicity and Binding of B3-Immunotoxins 

Monoclonal antibody B3 is a murine antibody referred to 
above directed against Lewis^ and related carbohydrate 
antigens which are abundant on the surface of many carci- 
nomas. See Example 1 for a fuller description of Lewis^ 
antigens. 

To evaluate the binding affinities and cytotoxic effect on 
cancer cells, PE with amino acids 1-279 of the amino 
terminus deleted were modified by inserting variable regions 
of either B3 heavy or light chains. The insertions were made 
as described above in the la domain or at the carboxyl 
terminus of domain III. See FIG. 5 for a schematic of the B3 
immunotoxins. 

A) Cytotoxic Activity of B3-Immunoloxins Toward 
B3-antigen Expressing Cell Lines 

The cytotoxicity of B3-immunotoxins was determined by 
measuring the reduction in the incorporation of (^H)-Ieucine 
by A431 cells after treatment with immunotoxin (Kuan et al. 
J. Biol. Chem., 269: 7610-7616 (1994)). A comparison of 
Bl immunotoxins (see Table 1) indicates that the 
B3-immuno toxins are less cytotoxic than the Bl constructs. 
As 1able 4 shows, this decrease in cytotoxicity is likely due 
in part to decreased binding affinity. 
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B) Binding Affinities of B3-Immunotoxins 

To determine relative binding affinities, increasing con- 
centrations of each immunotoxin competed for the binding 
of (^^I)-B3-IgG (or Bl-IgG for comparison) to A431 ceils 
5 at 4° C. for 2 hours in RPMI containing 1% bovine semm 
albumin and 50 mM MES as described (Batra et al. Proc. 
Nan Acad. ScL USA, 89: 58678 (1992)). 

TABLE 4 



Cytotoxicity and binding of B3- immunotoxins on A431 cells 



20 



30 



35 



40 





A43I 


Binding 


Construct 


(IC30 ng/nM) 


(nM) 


B3(Fv>PE38(LMB7) 


i-n.5 


550 


B3(dsFv)PE38 


3-1.5 


25,000 


B3(V[1)-PE35-(VL) 


no 


>30,000 


B3(VL-PE35-(VH) 


100 


6,000 


B3(VH)-PE33-(VL) 


5 


30,000 


B3(VL>PE33-(VH) 


50 


5,000 


B3-!gG 




150 


TABLE 5 


Cytotoxicity and binding of B3/Bl-immunotoxins 


on A431 cells 




A431 


Binding 


Protein 


(IC50 ng/ml) 


(nM) 


B3(VH)-PE38-(VL) 


1-1.5 


25,000 


B3VH)-PE35-(VL) 


130 


>30,000 


, B3(VL>PE35-(VIf) 


100 


6,000 


B3(VH)-PE33-(VL) 


5 


30,000 


B3(VL)-PE33-(VH) 


50 


5,000 


B3(Fv>PE38 


1-1.5 


550 


B3-IgG 




150 




A431 


Binding 


Construct 


(IC50 ng/m!) 


(nM) 


B1(VH)-PE38-(VL) 


0.5 


2,000 


B1(VH)-PE33-(VL) 


0.25 


3^00 


B1(VH)-PE33 


2.0 


25,000 


Bl-IgG 




40 



Example 4 

Cytotoxicity and Binding of e23-Immunotoxins on 
Cancer Cells 

45 

Monoclonal antibody e23 is a murine antibody directed 
against crbB2 antigen. See Example 2 for a fuller description 
of the erbB2 antigen and the preparation of e23- 
immunotoxins. 

To evaluate the binding affinities and cytotoxic effect on 
cancer cells, PE with the first 279 amino acids al the amino 
terminus deleted were modified by insertion of variable 
regions of either e23 heavy or light chains. The insertions 
were made in the la domain or at the carboxyl terminus of 
domain III. 

A) Cytotoxic Activity of e23-Immunotoxins Against Cancer 
Cell Lines 

The cytotoxicity of e23-immimotoxins was determined by 
measuring the reduction in the incorporation of [^H]-leucine 
by MCF7 and N-87 cell lines after treatment with serial 
60 dilutions of the immunotoxins in PBS containing 0.2% HSA 
as described previously (Kuan et al. J. Biol. Chem., 269: 
7610-7616 (1994)). The results are shown in Table 6. 

B) Binding AfiEnities of e23-Immunotoxins 

To determine relative binding affinities, increasing con- 
65 centrations of each immunotoxin competed for the binding 
of C^^I)-e23-IgG to MCF7 and N-87 cells at 4** C. for 2 
hours in RPMI containing 1% bovine serum albumin and 50 
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mM MES as described (Batra et al. Proc, Nat'i Acad. Sci, 
USA, 89: 58678 (1992)). 'I'he results are shown in Table 6. 

TABLE 6 

Cytotoxicity and binding of e23-immuno toxins on cancer cells 





MCR 


Binding 


N-87 


Binding 


Construct 


(IC50 ng/ml) 


(nM) 


(IC50 ng/ml) 


(n\J) 


c23(VH)Pli38-VL 


3.5 


110 


0.35 


120 


c23VL)PE35-(VH) 


15 


65 ^ 


70 


110 


e23(VL)PE35 


2.2 


1,800 


42 


2,000 


e23(VH)PE33-(VL) 


30 


320 


20 


210 


e23(VL)PE33-(VII) 


25 


115 


3.6 


110 


c23(VL)PE33 


70 


5,000 


200 


>2,000 


e23-IgG 
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It is understood that the examples and embodiments 
described herein are for illustrative purposes only and that ' 
various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included 
within the spirit and purview of this application and scope of 
the appended clainis. All publications, patents, and patent 
applications cited herein are hereby incorporated by refer- 
ence for all purposes. 



SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(iii) NUMBER OF SEQUENCES: 13 



(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 66 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: 1..66 

<D) OTHER INFORMATION: /note= "forward PGR primer CT119'' 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 
GGCAACGACG AGGCCGGCGC GGCCAACGGC GGTGGCGGAT CCGAGGTGCA GCTGGTGGAA 60 
TCTGGA 66 



(2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 51 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME/KEY; - 

(B) LOCATION: l.,51 

(D) OTHER INFORMATION: /note= "reverse PGR primer CT120" 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 
GTCGCCGAGG AACTCCGCGC CAGTGGGCTC GGGACCTCCG GAAGCTTTTG C 51 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 54 base pairs 

(B) TYPE: nucleic acid 



• 
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(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 
AAACCGAGGC CTTCCGGAGG TGGTGGATCC GAAGTGCAGC TGCAGGAGTC AGGA 54 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
(A> LENGTH: 68 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
TTAGCAGCCG AATTCTTAGA GCTCGTCTTT CGGCGGTTTG CCGGAGGAGA CGGTGACCGT 60 
GGTCCCTG 68 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 54 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 
AAACCGAGGC CTTCCGGAGG TGGTGGATCC GAAGTGCAGC TGCAGGAGTC AGGA 54 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 
GATCGCTCGG AATTCTTAGG AGACGGTGAC CGTGGTCCCT GC 42 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 68 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 
TTAGCAGCCG AATTCTTAGA GCTCGTCTTT CGGCGGTTTG CCGGAGGAGA CGGTGACCGT 60 
GGTCCCTG 68 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 
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(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:8: 

Arg Glu Asp Leu Lys 
1 5 



(2) INFORMATION FOR SEQ ID NO: 9: 

{i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:9: 

Lys Asp Glu Leu 
1 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Ser Gly Gly Gly Gly Ser 
1 5 



(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 7 amino acids 

(B) TYPE:, amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NOrll: 

Lys Ala Ser Gly Gly Pro Glu 
1 5 



(2) INFORMATION FOR SEQ ID NO: 12; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE; amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:12: 

Gly Gly Gly Gly Ser 
1 5 



(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 4 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 
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(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
Arg Glu Asp Leu 



What is claimed is: 

1. An immunotoxin that binds to an epitope on a target cell 
and that does not require proteolytic activation for cytotoxic 
activity, said inmunotoxin comprising a Pseudomonas exo- 
toxin (PE) lacking amino acids 1 through 279 attached to a 
variable heavy (V^) chain framework region of an Fv 
antibody fragment wherein said variable heavy chain region 
is bound through at least one disulfide bond to a variable 
light (V^) chain framework region thereby forming a 
double-stranded Fv region (dsFv) and further wherein said 
variable heavy chain region or said variable light chain 
region replaces half or more of domain lb of said Pseudomo- 
nas exotoxin. 

2. The immunotoxin of claim 1, wherein the amino 
terminus of the heavy chain region is attached to the PE 
through a peptide linker. 

3. 'llie immunotoxin of claim 2, wherein said peptide 
linker is SGGGGS (SEQ ID NO: 10). 

4. The immunotoxin of claim 1, wherein the carboxyl 
terminus of the heavy chain region is attached to the PE 
through a peptide linker. 

5. The immunotoxin of claim 4, wherein said peptide 
linker is KASGGPE (SEQ ID N0:11). 

6. The immunotoxin of claim 1, wherein the Fv antibody 
fragment comprises the Fv fragment of an antibody selected 
from the group consisting of Bl, B3, B5, e23, BR96, 
anti-Tac, RFB4, and HB21, 

7. The immunotoxin of claim 1, having KDEL (SEQ ID 
NO: 9) as the carboxyl terminal sequence of said PE. 

8. The immunotoxin of claim 1, wherein said immuno- 
toxin is Bl(dsFv)PE33. 

9. The immunotoxin of claim 1, wherein said immuno- 
toxin remains monomeric following an incubation in solu- 
tion at 3T C. for 2 hours. 

10. The immunotoxin of claim 1, wherein said immuno- 
toxin remains monomeric following an incubation in solu- 
tion at 37° C. for 8 hours. 

11. llie immunotoxin of claim 1, wherein said immuno- 
toxin demonstrates improvement in tumor regression in 
comparison to immunotoxins comprising the same antibody 
fragments and requiring proteolytic activation to be cyto- 
toxic. 

12. An immunotoxin comprising a Pseudomonas exotoxin 
(PE) that does not require proteolytic activation for cyto- 
toxic activity attached to a variable light (Vj,^) chain region 
of an Fv antibody fragment wherein said variable light chain 
region is bound through at least one disulfide bond to a 
variable heavy (V^,) chain region said Pseudomonas exo- 
toxin is lacking amino acids 1 through 279, and said variable 
light (V^) chain region replaces half or more of domain lb 
of said Pseudomonas exotoxin. 

13. The immunotoxin of claim 12, wherein the amino 
terminus of the light chain region is attached to the PE 
through a peptide linker. 

14. The immunotoxin of claim 13, wherein said peptide 
linker is SGGGGS (SEQ ID NO:10). 

15. The immunotoxin of claim 12, wherein the carboxyl 
terminus of the light chain region is attached to the PE 
through a peptide linker. 



16. The immunotoxin of claim 15, wherein said peptide 
linker is KASGGPE (SEQ ID N0:11). 

17. The immunotoxin of claim 12, wherein the Fv anti- 
body fragment comprises the Fv fragment an antibody 

15 selected from the group consisting of Bl, B3, B5, e23, 
BR96, anti-Tac, RFB4, and HB2L 

18. The immunotoxin of claim 12, having KDEL (SEQ ID 
NO: 9) as the carboxyl terminal sequence of said PE. 

19. A single chain immunotoxin fusion protein, said 
20 fusion protein comprising a Pseudomonas exotoxin (PE) 

that does not require proteolytic activation for cytotoxic 
activity, said immunotoxin comprising a Pseudomonas exo- 
toxin lacking amino acids 1 through 279 and in which half 
or more of domain lb is replaced with either a variable light 
25 ^l) or a variable heavy (V^) chain region of an antibody, 
wherein said immunotoxin does not contain both a variable 
light (V^) and a variable heavy (V^) region. 

20. The immunotoxin of claim 19, wherein an amino 
terminus of the variable heavy or variable light chain region 

30 is attached to the PE through a peptide linker. 

21. The immunotoxin of claim 20, wherein said peptide 
linker is SGGGGS (SEQ ID NO: 10). 

22. The immunotoxin of claim 20, wherein a carboxyl 
terminus of the variable heavy or variable light chain region 

35 is attached to the PE through a peptide linker. 

23. ^rhe immunotoxin of claim 22, wherein said peptide 
linker is KASGGPE (SEQ ID N0:11). 

24. The immunotoxin of claim 19, wherein the Fv anti- 
body fragment comprises the Fv fragment an antibody 

40 selected from the group consisting of Bl, B3, B5, e23, ' 
BR96, anti-Tac, RFB4, and HB2L 

25- The immunotoxin of claim 19, having KDEL (SEQ ID 
N0:9) as the carboxyl terminal sequence of said PE. 

26. A pharmaceutical composition comprising an effective 
45 amount of an immunotoxin in a pharmacologically accept- 
able excipient, the immunotoxin comprising a Pseudomonas 
exotoxin (PE) that does not require proteolytic activation for 
cytotoxic activity attached to an Fv antibody fragment 
having a variable heavy chain framework region bound 

50 through at least one disulfide bond to a variable light chain 
framework region, wherein half or more of domain lb of said 
Pseudomonas exotoxin is replaced by either a or a 
domain of said Fv antibody. 

27. The composition of claim 1, wherein half or more of 
55 PE domain lb is replaced by a domain of said Fv 

antibody. * 

28. The composition of claim 1, wherein half or more of 
PE domain lb is replaced by a V^^^ domain of said Fv 
antibody. 

60 29. The composition of claim 26, wherein half or more of 
PE domain lb is replaced by a domain of said Fv 
antibody. 

30. The composition of claim 26, wherein half or more of 
PE domain lb is replaced by a domain of said Fv 
65 antibody. 



